molecule motility up to macroscopic movement, muscle research has yielded tangible bene®ts for medicine such as dynamic cardiomyoplasty and replacement of damaged skeletal muscles. The defect in the dystrophin gene responsible for the fatal Duchenne muscular dystrophy, was the ®rst disease gene which was identi®ed by the positional cloning or`reverse genetics' approach. Subsequently it became clear that a majority of distinct cardiac disease entities are linked to gene defects such as hypertrophic cardiomyopathy (defects in sarcomeric proteins), dilated cardiomyopathy (defects in proteins connecting the cytoskeleton to the extracellular matrix), conduction diseases (ion channel defects) or cardiac mitochondrial diseases (impaired energy production). Many of these genetic diseases typically aect patients at a higher age, beyond 40. This re¯ects a Darwinian aspect of modern disease epidemiology with a low mortality from infections and a correspondingly higher life expectancy. As a corollary, research on improving cardiac function by muscle cell grafting or by transgenic approaches was greatly stimulated overseas as well as in Europe today. At present we witness a next paradigm shift from identifying individual genes and the corresponding proteins to genome and proteome. The availability of high-throuput technologies and the knowledge of several eukaryotic genome sequences, including man, opens the avenue for new therapeutic strategies tackling monogenetic as well as multigenetic diseases by individual drug tailoring approaches. c-Jun is generally considered as an inhibitor of myoblast dierentiation, in particular by inhibiting MyoD transcriptional activity in murine myoblasts. However, we observed that avian c-Jun cannot repress CMD1 (avian MyoD) activity in quail myoblasts. Moreover, the role of the dierent heterodimers of c-Jun in the regulation of myoblast dierentiation remains largely unknown. This data led us to reassess the myogenic in¯uence of c-Jun in avian myoblasts. c-Jun overexpression inhibits myoblast withdrawal from the cell cycle. However, in contrast to TPA, c-Jun induces a stimulation of terminal dierentiation after serum withdrawal and increases the abundance of myogenin mRNAs. In agreement with this result, c-Jun stimulates myogenin promoter activity and ATF2 potentiates this stimulation. We characterized a 43 bp sequence on the myogenin promoter sucient to induce activation by c-Jun. In EMSA experiments we found that a c-Jun containing complex binds to two sequences of this promoter fragment, displaying no homology with AP-1 binding sequences. Last, c-Fos and Fra2 protein levels strongly decrease at cell con¯uence, whereas c-Jun level moderately increases and ATF2 level remains unchanged. These data suggest that c-Jun/c-Fos or Fra2 heterodimers are predominant during myoblast proliferation, whereas c-Jun/ATF2 complexes are increased after the induction of dierentiation. So, we suggest that changes in the nature of AP-1 complexes occur at the induction of avian myoblast dierentiation. This phenomenon can probably explain the dual action of c-Jun in the regulation of avian myoblast dierentiation, ®rst preserving the duration of myoblast proliferation and stimulating thereafter their dierentiation.
The eect of the calcineurin-inhibitor cyclosporin A (CsA) on changes in gene expression during fast-to-slow transformations of the myotubes in a primary cell culture was investigated. The addition of CsA to the cultures had no in¯uence on the expression of fast myosin heavy chain (MHC) isoforms MHCIIa and MHCIId on both the level of protein and mRNA, but reduced the expression of slow MHCI. Furthermore, CsA did neither aect the enzyme activity of citrate synthase (CS) nor the expression of CS and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNAs. When Ca
2+
-ionophore A23187 was added to the medium, a fast-to-slow transformation occurred. The expression of MHCI and IIa increased and that of MHCIId decreased. Simultaneous treatment with CsA was able to prevent the upregulation of MHCI on the mRNA and protein level, but did not reverse the decrease in MHCIId expression. The expression of MHCIIa was not in¯uenced. CsA was not able to prevent the upregulation on CS mRNA and enzyme activity under Ca 2+ -ionophore treatment. The expression of GAPDH mRNA was reduced under Ca 2+ -ionophore treatment and unaltered by cotreatment with CsA. Electrostimulation of the cultured myotubes induced also a fastto-slow transformation. Again, cotreatment with CsA prevented the upregulation of MHCI without aecting MHCIId expression. The nuclear translocation of the calcineurin-regulated transcription factor NF-AT (nuclear factor of activated thymocytes) during treatment with Ca 2+ -ionophore was demonstrated immunocytochemically. CsA prevented this translocation. The eects of cyclosporin A demonstrate that calcineurin-dependent signalling pathways control the expression of MHCI, but not of MHCIIa, MHCIId, CS, and GAPDH during Ca 2+ -ionophore-and electrostimulation-induced fast-to-slow transformations. The data indicate a dierential regulation of MHCI, MHCII, and metabolism. Calcineurin is not sucient to mediate the complete transformation.
Expression of the glucose-regulated protein GRP94 at the cell surface is required for myotube formation M. VITADELLO 1 and L. GORZA Skeletal myocytes of adult mammals do not synthesize the endoplasmic reticulum glucose-regulated protein GRP94 at variance with developing and regenerating skeletal myocytes (Vitadello et al., 1998, Biochem J 332: 351) . We hypothesized that upregulation of GRP94 during skeletal muscle dierentiation is involved in myotube formation, since reduction of cellular GRP94 amount by stable transfection of C2C12 cells with a plasmid carrying GRP94 cDNA in antisense orientation is followed by lack of myotube formation either in vitro and in vivo (Gorza and Vitadello, 2000, FASEB J 14: 461) . Analysis of GRP94 subcellular distribution revealed the presence of GRP94 on the cell surface of C2C12 cells and cultured skeletal myocytes. Interestingly, cell-surface GRP94 was greatly reduced in GRP94-antisense clones. The possibility that GRP94 itself is involved in the fusion process was raised by the evidence that C2C12 cells grown in dierentiating medium containing puri®ed anti-GRP94 antibodies showed impaired myotube formation in a dose-dependent manner. Fusion competence of GRP94-antisense cells was restored by transient transfection with a plasmid carrying GRP94 cDNA. Myotube formation of the non-fusing clones was detected in co-cultures of GRP94-antisense clones and control clones derived from the rat muscle cell line H9c2 and assessed by the presence of mouse±rat hybrid myotubes. Similar results were obtained in vivo. We induced regeneration in mouse tibialis anterior muscle which implies activation of GRP94 expressing satellite cells: injection of b-gal labelled GRP94-antisense cells led to the appearance of b-gal positive myotubes. Thus, GRP94 cell-surface localization in skeletal muscle cells appears to be required for and directly involved in the fusion process.
Transient expression of myosin heavy chain slow protein (MHCs) during development and regeneration of the mouse masseter muscle S. ABE, K. SAKIYAMA, T. DOI, A. USAMI, K. GOJYO and Y. IDE Oral Health Science Center, Department of Anatomy, Tokyo Dental College, 1-2-2 Masago, Mihama-ku, 261-8502 Chiba, Japan
Various reports on the masticatory muscles have been published including the ones describing the dierences in the constitution of muscle ®ber types due to dierent feeding habits. However, the developmental and regeneration processes of these ®bers have not been investigated in detail. In this study, we examined the murine masseter, which is composed mainly of the fast myosin heavy chain (MHCf) ®bers. The immunohistochemical analysis of this muscle showed that MHCs protein was expressed temporally at the early developmental stages of this muscle. MHCs protein was also observed in the masseter of mdx (myodystrophied mice) at the beginning of regeneration. These ®ndings were supported by the result that the MHCs gene was detected Investigating a not explicable aspect of the pathomechanism in DMD, the cell cycle abnormalities of Duchenne muscular dystrophy (DMD) myoblasts, we detected signi®cant elevated p21 mRNA level in skeletal muscle of DMD patients and mdx mice. p21 (Waf1, cip1), a cyclindependent kinase inhibitor, is permanently expressed in cells withdrawn irreversibly from the cell cycle. Therefore elevated p21 mRNA level might indicate a shift in cell composition towards dierentiated p21 expressing cells as a result of an exhausted pool of undierentiated, non p21 expressing satellite cells, due to previous cycles of de-and re-generation. Alternatively, dystrophin-de®cient cells per se might express higher p21 levels for unknown reasons. Even if we cannot distinguish between these both possibilities, an in time transfection of patient's own satellite cells with p21 antisense oligonucleotides might enable in¯uencing the dystrophic process.
In a ®rst approach eectiveness of p21 antisense oligonucleotide transfection into normal myoblasts of primary cell cultures using DAC40, a cationic lipid formulation, was increased from 10 to 80% estimated by FACS analysis. Fluorescence microscopical histological data con®rmed the general eect of the antisense oligonucleotides on proliferation and dierentiation. For quanti®cation Western blot analysis will be established. On the basis of our experiments with normal muscle cells we plan to transfect and to culture myoblasts and stem (satellite) cells of DMD patients of dierent age.
MyoD and Myf5 regulate muscle dierentiation in the tentacle of Sepia ocinalis A. GRIMALDI, G. TETTAMANTI, R. VALVASSORI, G. LANZAVECCHIA, M. BRIVIO and M. DE EGUILEOR University of Insubria, Department of Structural and Functional Biology, via J. H. Dunant 3, 21100 Varese, Italy In the tentacle of Sepia ocinalis two kinds of muscles (cross-striated and helical muscle), easily distinguishable from a morphological point of view, are responsible for the extremely rapid extension and superelongation of the appendage. In the tentacle, the region between the central nerve cord and the epithelium undergoes considerable modi®cations due to cellular migration and dierentiation. During the development the ®rst ®bers to appear are the smooth-like helical ®bers. These ®bers, in which the contractile material is never organized in sarcomeres, are slow ®bers. Later on, circomyarian helical and crossstriated ®bers start to dierentiate and to organize. Both kinds of ®bers express fast myosin. Myf5 and MyoD positively overlaps the expression pattern of slow and fast myosin, thus cells that express slow myosin are Myf5 + and MyoD ) , while cells that express fast myosin are Myf5
) and MyoD + . Myf5 is the ®rst MRF to be expressed during tentacle development in smooth-like ®bers; MyoD appears later and it marks both circomyarian and cross-striated ®bers nuclei.
These two kinds of ®bers (cross-striated and helical) seem to derive from two dierent types of myoblasts surrounding at the beginning of the nerve cord. This layer of myoblasts becomes progressively less thick during the development because of cell migration toward tentacle periphery. Mouse embryonic stem (ES) cells are able to dierentiate in vitro into cardiomyocytes of ventricle-, atrium-and pacemaker-like cell types characterized by the developmentally controlled expression of cardiacspeci®c genes and ion channels. We show here that during cardiac myo®brillogenesis sarcomeric proteins are organized also in a developmentally regulated manner following the order: titin (Z-disk), a-actinin, myomesin, titin (M-band), myosin heavy chain, a-actin, cardiac troponin T and M-protein, recapitulating the sarcomeric organization in the chicken embryonal heart in vivo. Using this model system, we analyzed the in¯uence of loss of b 1 integrin function on cardiac dierentiation of ES cells. We found that loss of b 1 integrin function resulted in increased formation of cardiac clusters of a pacemaker-like cell type, which were characterized by reduced attachment to the substrate and a high beating frequency, whereas atriumand ventricle-like cells appeared only transiently. Semi-quantitative RT-PCR analysis showed a delayed and transient upregulation of a v , b 3 and b 5 integrin mRNA levels during dierentiation of b 1 integrinde®cient (b 1 )/) ) ES cells. Similarly, quantitative immuno¯uorescence analysis revealed increased levels of a v and b 3 integrins in b 1 )/) cardiac cells. To answer the question whether a v and b 3 integrins may compensate, at least partially, the loss of b 1 integrin function during cardiac dierentiation, we analyzed the localization of a v and b 3 integrins in pacemaker-like cardiac cells. We found that the distribution of a v and b 3 integrins was altered in b 1 )/) cardiac cells. In wildtype (wt) cardiac cells, b 1 integrin was localized in specialized subsarcolemmal regions, in particular, at focal contacts and costameres and a v integrin was diusely distributed. In contrast, in b 1 )/) cardiac cells, a v integrin was preponderantly localized at cell membranes, focal contacts and costameres. In addition, b 3 integrin displayed a diuse pattern both in wt and in b 1 )/) pacemaker-like cells at an early stage of cardiac dierentiation, whereas b 3 appeared at sarcomeres only in wt pacemaker-like cells at terminal stages. The results suggest that a v and b 1 integrins can maintain growth and survival of b 1 )/) cardiac cells in an early state, but cannot functionally compensate loss of b 1 integrin function during specialization and terminal dierentiation of cardiac cells.
Identi®cation of novel genetic variants in the alphaB-crystallin gene A. HAHNER, J. ERDMANN, H. KALLISCH, E. FLECK and V. REGITZ-ZAGROSEK Internal Medicine/Cardiology, ChariteÂ, Humboldt-University and Duetsches Herzzentrum Berlin, Augustenburger Platz 1, 13353 Berlin, Germany AlphaB-crystallin belongs to the family of small heat shock proteins (sHSP). Recently, an R120G missense mutation in the alphaBcrystallin gene (CRYAB) that co-segregates with desmin-related myopathy (DRM) in a French family was identi®ed. DRM is characterized by variable, but delayed, onset of proximal and distal muscle weakness and all three major forms of cardiomyopathy (i.e., dilated, hypertrophic, and restrictive). These are the ®rst ®ndings to implicate an sHSP with chaperone properties in human cardiomyopathies.
The aim of our study was to study the genetic variability of the human CRYAB gene in a cohort of 92 patients with dierent cardiovascular diseases including patients with hypertrophic and dilated cardiomyopathy.
Using PCR-SSCP-analysis, we screened the complete coding region, the intron±exon boundaries, as well as the promoter region of the CRYAB gene for genetic variants. We identi®ed two coding variants in exon 1, and two polymorphisms and one variant in the promoter region of the CRYAB gene. At cDNA position 1120 a C > A substitution led to an amino acid exchange from serine to tyrosine at codon 41 (S41T). A C > T substitution at cDNA position 1150 led to an amino acid exchange from proline to leucine at codon 50 (P50L). Both amino acid residues are highly conserved among human, rabbit, bovine and mouse. The allele frequencies for both mutations are low (<0.01%). In the promoter region we identi®ed two frequent polymorphisms at positions )250 (C/G) and )653 (A/G), with allele frequencies of 0.74/0.26 and 0.65/0.35, respectively. In one patient we found a C > T substitution at position )650.
Several genetic variants in the human CRYAB gene were identi®ed in our study: two amino acid substitution with likely functional consequences because of the highly conserved position within the protein and two frequent polymorphism in the functional promoter of the CRYAB gene.
In conclusion, the ®nding of polymorphic sites in the CRYAB gene will be bene®cial to the study of the role of the CRYAB gene in cardiovascular diseases.
Extrafusal and intrafusal muscle ®bre types and their myosin heavy chain isoforms of pig extraocular muscles B. LEMM 1 Extraocular muscles (EOMs) of the pig were excised, frozen in liquid nitrogen or ®xed and embedded in paraplast. Frozen muscles were used to obtain serial cryostat cross-sections stained for SDH and m-ATPase after acid or alkaline preincubations. Consecutive sections were stained with monoclonal antibodies (MABs) against various myosin heavy chain (MHC) isoforms, e.g., MHCslow (type I), MHCfast (type IIA + IIB + IID), MHCneonatal, MHCcardiac-a and MHCslow-tonic. Frozen muscles were also used for analysis of MHC isoform pattern by SDS±PAGE. Paraplast embedded EOMs were cut into serial cross-sections, stained with the MABs, to determine number and distribution of muscle spindles (Msp) along the muscle length. As in other mammals pig EOMs are composed by two regions. The orbital region (OR) contains thin ®bres of two types, a slow (positive reaction with acid ATPase and MAB against MHCslow) and a fast one (positive reaction with alkaline ATPase and anti-MHCfast). In contrast to the EOM of other mammals there is no expression of MHCneonatal in ®bres of the OR of pig EOMs. The global region (GR) is composed by thicker ®bres and contains also slow and fast ®bres. Using diameter and SDH-staining the fast ®bres can be divided into three subtypes. In contrast to the most other mammals pig EOMs contain Msp. These are exclusively located in the OR or at the border between GR and OR. The number of intrafusal ®bres (IFs) is in a range of 2±15. Using diameter and the nuclear arrangement, the IFs were classi®ed as nuclear-bag (NB) and nuclear-chain (NC) ®bres. The number of NBs is between 1 and 3 and that of NCs ranges between 2 and 12. Nuclear-chains express MHCfast and occassionally MHCneonatal, however, NBs show positive reactions with MABs against MHCslow, MHCneonatal, MHCslow-tonic, and MHCcardiac-a. In conclusion, IFs of pig EOMs resemble in general to IFs in other mammalian muscles, as NCs contain fast MHC, whereas NBs express a mixture of dierent MHCs. The electrophoretic separation of EOMs shows the following MHC isoforms: MHC IIA, MHC IID, an EOM-speci®c MHC and MHC I.
Spontaneous openings of acetylcholine receptor channels induce spontaneous intracellular calcium transients in developing murine skeletal muscle cells P. LORENZON, V. DEGASPERI, A. BERNAREGGI and F. RUZZIER Department of Physiology and Pathology and BRAIN Center for Neurosciences, University of Trieste, via A. Fleming 22, 1-34127 Trieste, Italy Spontaneous openings of acetylcholine receptor (AChR) channels (i.e. in the absence of acetylcholine) and spontaneous transients of the intracellular calcium concentration ([Ca 2+ ] i ) are present in developing skeletal muscle cells (Jackson, 1984 , Proc Natl Acad Sci USA, 81: 3901± 3904; Lorenzon et al., 1997, Eur J Neurosci 9: 800±808). However, up to now, these two phenomena have been described in dierent cellular models; thus, a possible relationship between them has never been veri®ed. In order to ascertain this possibility, we used murine primary cells (i28) as a cellular model, the patch clamp technique to measure the spontaneous activity of AChR channels and the videoimaging technique to measure [Ca 2+ ] i variations. Brie¯y, i28 cells were dierentiated by serum deprivation, electrophysiological recording were performed in the cell-attached con®guration and the dye Fura2-AM was used for cellular loading. Spontaneous AChR channel activity was recorded in 20% of developing cells. The biophysical properties of channel openings and their sensitivity to a-bungarotoxin demonstrated that these spontaneous events were due to openings of the embryonic form of the AChR channel. Videoimaging experiments revealed that spontaneous [Ca 2+ ] i transients were present in 30% of developing i28 cells. The [Ca 2+ ] i transients developed synchronously throughout the myotubes and they were often associated with contractions. Interestingly, spontaneous [Ca 2+ ] i movements were blocked by TTX, TEA and verapamil, and also by a-bungarotoxin. Our results suggest a role for spontaneous AChR channel activity in generation of spontaneous [Ca 2+ ] i oscillations. In particular, spontaneous AChR channel openings could cause a membrane depolarisation large enough to trigger the excitation±contraction coupling mechanism.
Supported by MURST-Italy and E. U. grant QLRT-1999-02034 . We have studied if plantar support prevents soleus atrophy during 14-day hindlimb suspension (HS) with deprivation of soleus contractile activity. Wistar rats were assigned to control (C), or to 3 experimental groups with left limb (L) freely hanging, and right (R) limb (1) supported HS-S(R); (2) supported and immobilized in ankle joint in neutral position like in group 1 ± HS-SI(R); (3) immobilized like in group 2, but unsupported HS-I(R). Soleus mass, crosssectional area, and % of type 1 ®bers were similar in HS-S(R) and in C. In HS-SI(R) those parameters were signi®cantly lower than in HS-S(R) and C, but didn't signi®cantly dier from HS-SI(L), and HS-I(R). HS-S(R) succinate dehydrogenase activity and maximal mitochondrial respiration rate were lower than in C and HS-S(L). HS-S(R) capillary supply didn't dier from C. Conclusion: (1) unilateral hindlimb support during HS prevents ®ber transformation, decrease of muscle weight, ®ber CSA, and capillary supply, but not decline of oxidative enzyme activity; (2) hindlimb plantar support during HS with deprivation of muscle contractile activity does not prevent muscle atrophy. Myostatin (MSTN) is a secreted growth and dierentiating factor (GDF-8) member of the transforming growth factor-b (TGF-b) superfamily. It appears to act as a negative regulator of muscle mass during development and growth. Transgenic mice lacking a functional MSTN gene demonstrated greater skeletal muscle mass resulting from both muscle ®bre hypertrophy and hyperplasia. Cattle with inactivating mutations of MSTN showed marked muscle hypertrophy. It is not shown whether MSTN regulates skeletal muscle growth in ®sh. In the present study the sequence and expression analysis of the MSTN gene was examined in the skeletal lateral muscle of Sparus aurata, a teleost ®sh. A 2189 bp transcript was isolated, showing 74±60% protein similarity with other vertebrate MSTNs. Phylogenetic analysis of MSTNs and other related genes con®rmed the evolutionary relationships of the isolated sequence. The complete sequence of two introns was also determined. Intron±exon boundaries were conserved if compared to those of mammalian MSTN genes, whereas intron size was smaller. RT-PCR on total RNA extracted from dierent developmental stages revealed dierent pattern of MSTN expression in the skeletal lateral muscle. No expression was detected in the 2-day embryo (when somite development is almost completed) or in the 11-day larva while MSTN was present in later stages. Undetectable expression of MSTN in embryos and young larvae seems to indicate a lesser role for myostatin in early muscle development in the Sparus aurata. These ®ndings should be useful to understand the mechanisms of posthatching growth of lateral muscle in ®sh.
Myostatin gene characterization in the teleost ®sh
Mitochondrial activity regulates myoblast dierentiation through myogenin expression and myogenic factors activity P. ROCHARD Numerous reports underline that alteration of mitochondrial activity aects cell proliferation and dierentiation, independently of ATP synthesis. Therefore, we studied the involvement of the organelle in the regulation of myoblast dierentiation. In avian QM7 myoblasts, mitochondrial activity was inhibited by chloramphenicol, which abrogates mitochondrial protein synthesis. Conversely, stable overexpression of p43, a mitochondrial T3 receptor characterized by our team, has been used to stimulate the activity of the organelle. Whereas chloramphenicol induced a reversible block in myoblast dierentiation, p43 overexpression stimulated myoblast dierentiation even in the presence of high serum concentrations in the culture medium. After ruling out the possible involvement of ATP synthesis in these in¯uences, we studied myogenic factors expression. In contrast to Myf5 and CMD1 (avian MyoD), myogenin mRNA levels were strongly reduced by inhibition of the organelle activity and conversely increased by p43 overexpression. Study of myogenin mRNA stability led to the conclusion that this in¯uence is exerted at the transcriptional level. In addition, CMD1 or myogenin overexpression (stable or transient) in chloramphenicol-treated myoblasts did not restore dierentiation. Last, we observed in FACS experiments that mitochondrial activity clearly interfered with irreversible myoblast withdrawal from the cell cycle. Interestingly, chloramphenicol induced a sharp increase in c-myc mRNA levels at cell con¯uence and during dierentiation. It has been previously shown that c-myc overexpression could abrogate: (i) myogenin induction; (ii) the ability of myogenic factors to induce terminal dierentiation; (iii) myoblast withdrawal from the cell cycle; (iv) myoblast dierentiation. Therefore these data underline the direct involvement of c-myc in the regulation of myoblast dierentiation by mitochondrial activity.
Dierential expression of GLUT-4 in type-1 and type-2 ®bres of rat and human skeletal muscle: an immunohistochemical study G. SCHAART, M.K.C. HESSELINK, L.B. BORGHOUTS and H.A. KEIZER Department of Movement Sciences, NUTRIM, Maastricht University, P.O. Box 616, 6200 MD Maastricht, The Netherlands Skeletal muscle is responsible for the major part of insulin stimulated plasma glucose disposal. The insulin and contraction regulatable glucose transporter, GLUT-4, is abundantly expressed in skeletal muscle of humans and rodents. Its expression in skeletal muscle has been shown to correlate positively with insulin stimulated glucose disposal in man. In whole muscle homogenates, GLUT-4 content is reported to be higher in muscles consisting predominantly of oxidative (type 1) muscle ®bres, than in muscles consisting predominantly of glycolytic (type 2) ®bres. From these ®ndings, it has been deduced that in rat muscle, oxidative ®bres have an intrinsically higher level of GLUT-4 protein than glycolytic ®bres. No data is available concerning human muscle. Moreover, the ®bre type speci®c expression of has not yet been examined in a direct manner.
In this study, we have determinated muscle ®bre type and the abundance of GLUT-4 protein expression by immuno¯uorescence staining in serial muscle sections. Individual ®bres of dierent types within a muscle were directly compared in immunohistochemistry assays, with regard to their relative abundance of GLUT-4 protein expression. Human vastus lateralis muscle and a selection of rat muscles were studied using a novel GLUT-4 antiserum.
We conclude that the pattern of ®bre type speci®c GLUT-4 expression diers between human and rats, and varies between the dierent muscles studied, indicating that non-®bre type speci®c factor(s) aect expression of GLUT-4. The observation that within a muscle GLUT-4 expression was strongly related to ®bre type indicates that ®bre type speci®c factors contribute to GLUT-4 expression as well. Thus, it can be postulated that both ®bre type dependent and ®bre type independent factors aect GLUT-4 expression. Many studies on dierentiation and development of muscles of the extremities before and after the birth have been reported. However, only a few papers of the masticatory muscles are published. In this study, we investigated the order of expression of muscle-speci®c proteins by immunohistochemical staining methods using anti-myosin antibodies. Then, the proportion of myosin heavy chain isoforms was measured.
The animals used for this experiments were ICR mice aged 14, 16 and 18 embryonic days (ED) and 1, 3 and 5 days after the birth. The animals were sacri®ced according to the Guideline on the Treatment of Experimental Animals of Tokyo Dental College. The specimens were embedded in Tissue-Tek (Miles, Elkhart, Ind., USA), frozen by immersion in isopentane cooled with liquid nitrogen to )140°C. Frozen transverse sections were cut at 7 lm in a cryostat and mounted on APS coated slides. Frozen transverse sections were stained with antibodies against myosin fast type heavy chain (MHCf), myosin slow type heavy chain (MHCs) (Novocastra Labs). They were observed under ā uorescence microscopy. Cells stained with anti-MHCf were observed through all stages. Cells stained with anti-MHCs were observed after 16 ED. At 3 days after the birth cells stained with anti-MHCs antibodies decreased. It is known that myosin in the masseter of an adult mouse consists mostly of MHCf protein. In this study, however, it was revealed that MHCs protein exists temporally during development. Next, existence of mRNA coding MHCs was observed by ISH. Then, the proportion of adult type MHC Isoforms in masseter was measured.
In the results, mRNA coding MHCs was observed in 14 ED even though MHCs protein was not recognized. This ®nding and the proportion of the isoforms are dierent from the ones observed in muscles of the extremities. Therefore, it is suggested that masseter has exible characteristics at the developmental stage. Myoblasts from dierent cell lines may vary in in vitro growth and response to serum deprivation. The objective of this study was to investigate whether these dierences are related to the induction of apoptosis. For that purpose we used (1) myoblasts (8th passage) which were derived from laboratory mice selected for high 6-weeks body weight (DU-6) over 70 generations, (2) myoblasts from randomly mated control mice (DU-Ks), and (3) myoblasts from the immortalised mouse muscle cell line C 2 C 12 . Cells were seeded in 35 mm plastic dishes at 8´10 3 cells/cm 2 and grown to con¯uence in Dulbecco's modi®ed Eagle's medium (DMEM) with 10% fetal bovine serum (FBS). In half the number of dishes serum content was lowered to 1% at day 4 of cultivation for another 2 days. At days 4, 5 and 6, samples were collected to determine protein and DNA levels and the frequency of apoptotic cells in the monolayers. The data of three experiments were subjected to analysis of variance. Until day 4, C 2 C 12 cells accumulated more DNA and protein compared with DU-Ks and DU-6 cells, while exhibiting a much lower percentage of apoptotic cells (8% in C 2 C 12 vs. 73% in DU-Ks or 66% in DU-6). Serum deprivation at day 4 impaired the growth of each cell line in that signi®cantly less DNA or protein were accumulated when 1% FBS was used as compared with 10% FBS (P < 0.01). Interestingly, C 2 C 12 cells continued to accumulate DNA and protein after serum deprivation (P < 0.01), whereas decreases, indicative of cell death, were apparent in DU-Ks (P < 0.10) and DU-6 (P < 0.05) cultures. Serum deprivation did not aect apoptosis in C 2 C 12 cells. From days 4 to 6 the percentage of apoptotic cells increased both in DMEM with 10% FBS or with 1% FBS at almost the same extent. Higher percentages of apoptotic cells were observed in DU-Ks and DU-6 monolayers after 2 days of serum deprivation. The dierence was much smaller in DU-Ks (76 vs. 68%; P < 0.01) than in DU-6 cultures (77 vs. 56%; P < 0.001) indicating that DU-6 cells responded more sensitively to serum deprivation. The results suggest that C 2 C 12 myoblasts are less sensitive to suboptimal culture conditions compared with DU-Ks and DU-6 cells which are at a closer distance to in vivo status. Moreover, cell loss in response to serum deprivation is at least in part due to induction of apoptosis. We study the possibility that the transition of myocardial hypertrophy to heart failure is due to the development of hypoxic cores in hypertrophied cardiomyocytes. Trabeculae were dissected from the right ventricle of untreated Wistar rats (n = 6), and from rats in which pressure-overload hypertrophy leading to heart failure was induced by subcutaneous injection of 40 mg kg )1 monocrotaline (MCT). During the second (n = 3) or the fourth (n = 5) week after the injection, oxygen consumption was measured at 10 Hz and at 38°C in Tyrode solution. In untreated rats the rate of oxygen consumption was 0.8 0.3 mM s )1 (m SD), which equals the maximum rate of oxygen consumption expected on the basis of volume density of mitochondria. After MCT the rate increased to >4.2 2.6 mM s )1 during the second week and to 1.1 0.3 mM s )1 during the fourth week. We measured the cross-sectional area of cardiomyocytes and the myoglobin concentration using calibrated histochemistry, and calculated the oxygen tension (PO 2crit ) required by cardiomyocytes to prevent an anoxic core. PO 2crit of cardiomyocytes in untreated rats equalled 2.7 1.6 mmHg, and increased dramatically in MCT rats during the second week to >22 10 mmHg. PO 2crit decreased to 10 6 mmHg during the fourth week. Hypoxia-inducible factor 1a ± which is undetectable using immunohistochemistry in cardiomyocyte nuclei of untreated rats ± was detected in cardiomyocyte nuclei 3 weeks after MCT injection. We conclude that hypoxic cores in cardiomyocytes induce the transition of myocardial hypertrophy to heart failure.
Supported by NHS grants 94.003 and 97.118. Are functional changes in troponin from failing human heart muscle due to reduced troponin I phosphorylation levels? A. KNOTT, I.F. PURCELL and S.B. MARSTON Cardiac Medicine, Imperial College School of Medicine at National Heart and Lung Institute, Dovehouse street, London, SW3 6LY, UK
We have isolated troponin from normal, end-stage failing and foetal (12 weeks) human myocardium and analysed it for isoform composition and functional properties using the in vitro motility assay. Normal and failing human heart troponin contain the same levels of troponin T isoforms: predominantly T3 isoform whilst foetal heart troponin expressed some T1 isoform as well as T3. We did not detect authentic T4 isoform in any samples using 2G3 monoclonal antibody although there was often a band of the expected mobility present. Normal and failing adult heart troponin contained exclusively cardiac troponin I whilst foetal troponin contained only slow skeletal troponin I. Movement of skeletal muscle actin-human cardiac tropomyosin ®laments over immobilised heavy meromyosin observed in the in vitro motility assay was regulated by human troponin. At pCa9 all the troponin types were equally eective at`switching o' ®lament movement with a 40% drop in the speed of the ®laments remaining motile. At pCa5 normal human troponin induced a 45% increase in speed which saturated whilst foetal troponin induced only a 5% increase in speed. Troponin from failing hearts induced an intermediate speed increase (Purcell et al., Cardio Res 43: 884±891, 1999) . All the troponin prepared from failing hearts exhibited a higher Ca
2+
-sensitivity than normal heart troponin. DpCa 50 for the fraction of ®laments motile 0.23 0.06 and DpCa 50 for the speed was 0.21 0.14. In addition there was a consistent decrease in the cooperativity of the relationship between speed and [Ca 2+ ] in failing heart. Experiments in muscle ®bres and ATPase assays have shown that phosphorylation of troponin I by PKA can cause a decrease in CA 2+ -sensitivity. This was conformed in the in vitro motility assay. Cardiac troponin was reconstituted from expressed, human sequence troponin I, T and C. The eect of pre-phosphorylating troponin I with PKA catalytic subunit was determined. The troponin containing dephosphorylated troponin I had a higher Ca 2+ -sensitivity that troponin having fully phosphorylated troponin I (DpCa 50 = 0.22). We adapted the back-titration technique of Zachary et al. (1999) (Circulation, 99: 505±510) . To determine the PKA phosphorylation levels of our active troponin samples. We observed that the level of troponin I phosphorylation in normal and failing heart troponin was not signi®cantly dierent, despite their dierent functional properties. However we did observe that failing heart troponin contained an increased proportion of degraded troponin I which was not phosphorylated by PKA. We conclude that a reduced level of troponin I phosphorylation, perhaps consequent upon cleavage of the N-terminus of cTnI, could account for altered function in failing hearts, although other factors cannot be ruled out. Increased signaling through the NFAT pathway has been shown to be sucient for cardiac hypertrophy in animal models. Calcineurin activity has been reported to be elevated in the myocardium of a heterogeneous population of patients with congestive heart failure. In this group calcineurin protein expression as opposed to activity was reduced. Very few data are available about calcineurin activity in homogeneous populations of cardiac hypertrophy. We investigated calcineurin activity and protein expression in two dierent forms of cardiac hypertrophy: 22 patients with severe hypertrophic obstructive cardiomyopathy (HOCM) undergoing septal myotomy/myectomy and in 13 patients with severe aortic stenosis (AS) undergoing valve replacement. Isoform b of the catalytic subunit A of calcineurin has been supposed to be the predominant form in the mammalian heart. We found an a/b ratio of 4/5. Protein expression of both the a and b isoforms was unchanged in HOCM and in AS compared to four normal hearts as demonstrated by Western blots. Calcineurin enzymatic activity as measured by a phosphatase assay was signi®cantly elevated to 275 13% (mean SEM; P < 0.001) in HOCM and to 163 11% (P < 0.01) in AS compared to four normal hearts. The calcineurin activity/protein ratio was elevated in HOCM (2.1 0.7-fold) and in AS (1.48 0.3-fold) compared to normal hearts. There was no correlation between calcineurin activity or protein expression and the degree of myocardial hypertrophy. Conclusions: 1) Calcineurin activity but not protein expression is upregulated in patients with severe cardiac hypertrophy. 2) The greater increase in HOCM compared to AS may be either disease speci®c or re¯ect the more advanced hypertrophy.
3) The absence of correlation with the degree of myocardial hypertrophy indicates that hypertrophic pathways initially triggered by hemodynamic overload may proceed to autonomy in severe hypertrophy, particularly in HOCM.
Muscle atrophy following immobilization in elderly subjects: eects on structure and function of muscle ®bres G. The eect of 3±4 months immobilization on myosin heavy chain (MHC) isoform composition of vastus lateralis muscle, contractile properties of identi®ed types of single muscle ®bres, and the concentration of myosin in single ®bres were studied in elderly subjects. Three groups of two subjects were enrolled in the study: 1) subjects (60±70 years old) who underwent to the replacement of a total knee prosthesis after a period of 3±4 months with the leg immobilized in extended position (el-imm); 2) control adult subjects sampled by needle biopsy (30±40 years old) (yo-ctrl); 3) control aged subjects (60± 70 years old) who underwent to knee surgery for various reasons (elctrl). In immobilized muscles an increase in MHC-2X, a decrease of slow MHC and expression of a developmental MHC isoform, indication of ®bre regeneration, were found. The proportion of hybrid ®bres, i.e. ®bres containing two or more MHC isoforms, increased. As regards type 1 ®bres: cross sectional area (CSA) and speci®c tension (Po/CSA) were found to be lower and maximum shortening velocity (Vo) was found to be higher in el-imm (CSA = 4636 2910 (SD) lm , n = 63). CSA and Po/CSA of type 2A ®bres were similarly aected; on the contrary, Vo of type 2A ®bres was not statiscally higher following aging and immobilization. Dierences in Po/CSA between el-imm and the other groups were smaller for 2A than for type 1 ®bres. Myosin concentration in single ®bres was determined by densitometry of myosin electrophoretic bands using samples of known concentration of myosin as standards. Myosin concentration was found signi®cantly lower in ®bres from el-ctrl than in ®bres from yo-ctrl and in ®bres from el-imm than in ®bres from elctrl. This represents a likely explanation of the decrease in Po/CSA observed in aging and following immobilization. Consistently with the decrease in myosin concentration, preliminary analysis of longitudinal sections of muscle bundles by electron microscopy suggested a decrease in myo®brillar density in el-imm in relation to el-ctrl and yo-ctrl. et al., 1999, J Muscle Res Cell Motil 20: 822) . However, within the ®rst 7 days after setting the ®bres at a mean sarcomere length of 2.4±2.5 lm (i.e. 5±10% over ®bre slack length), 70% of the ®bres died or swelled substantially and became inexcitable within a week. For several species it has been shown that the resting rate of oxygen consumption (VO 2 ) of skeletal muscle increases by stretch (Feng, 1932, J Physiol 74: 441± 454) . If the Feng eect is also present in stretched single Fibres of Xenopus laevis, this may cause metabolic exhaustion. Using the method described by Elzinga and Van der Laarse (1988, J Physiol 399: 405± 418) we measured VO 2 of two single ®bres and a small bundle of ®bres (type 2 and 3) at sarcomere lengths ranging form 2.3 to 3.7 lm (60% over ®bre slack length). For this length range resting VO 2 , normalized for ®bre volume, remained constant at a value smaller than 1% of VO 2max . In culture medium, VO 2max was similar to values determined previously in Ringer solution (0.12 0.016 nmol mm )3 s )1 at 20°C). We conclude that the Feng eect in not present for single ®bres of m. ilio®bularis of Xenopus laevis up to at least a ®bre mean sarcomere length of 3.7 lm and that the Feng eect per se is not a limiting factor in long term culture up to this length.
The response of muscle proteins and hormonal system to a overtraining syndrome P. KAASIK, A. PEHME, K. ALEV and T. SEENE Institute of Exercise Biology, University of Tartu, Jakobi 5, 51014 Tartu, Estonia
The physical training is based on the overload principle and negative feedback theory, which means that the stimulus must be strong enough to induce disturbance of homeostasis so that the body has to initiate reaction to adapt to the training stimulus. This means that overloading is a natural part of training process. Imbalance in the training loadrecovery relationship is the primary factor causing to overtraining syndrome. The damaging eect of skeletal muscle ®bers depend on the muscle ®ber type. Due to the destruction of myo®brils and atrophy of muscle ®bers, exercise myopathy developes as a result of overtraining. It has been shown that most sensitive to the long-lasting exhaustive endurance type of exercise are fast-twich muscle ®bers. The present study was undertaken in order to investigate the changes in relative content of myosin heavy chain isoforms (MHC) in overtraining conditions caused by exhaustive endurance exercise and to follow the hormonal responses in overtraining conditions. Male rats of the Wistar strain, 16±17 weeks old were used in this study. The animals were maintained on a constant diet SDS-RM1 {C} 3/8 (SDS, Witham, England). Food and water were given ad libitum. The overtraining syndrome was caused by exhaustive treadmill running with the speed of 35 m/min (duration of the exercise programme: 8 weeks; duration of the exercise per day: form 30 min in the ®rst week to 8 h 30 min in the 8-th week). m. plantaris, m. extensor digitorum longus and white portion of m. quadriceps femoris were used to study the changes in the isoformal composition of the MHC. The MHC isoforms were separated by 7.2% SDS±PAGE. The concentrations of hormones in blood samples were measured by chemiluminescence technique using IMMULITE (DPC, USA) analyser. Our results showed that overtraining conditions caused by exhaustive running exercise induced remarkable changes in the MHC isoform composition. Our data show that exhaustive running aect mainly fast isoforms of MHC. In m. plantaris the proportion of IIa MHC decreased 37%, whereas the proportion of IId MHC isoform showed tendency to increase and type IIb MHC isoform proportion increased remarkably (28%). In case of m. extensor digitorum longus the proportion of IIa MHC remained in the control level, the proportion of IId isoform increased signi®cantly and the proportion of IIb MHC isoform decreased 37%. The proportion of the slow MHC isoform (MHC I) showed a tendency to decrease in m. plantaris. At the same time the level cortisol increased following 8 weeks exhaustive endurance exercise programme signi®-cantly, whereas the level of testosterone decreased (60%). The well documented imparied muscular performance capacity in chronic low back pain (cLBP) patients is only minimally supported by data of the macro-or micro-scopic of the paraspinal muscles. Studies of the changes in muscle structure following active rehabilitation are even rarer. In our study 59 individuals (53% women; age 43.9 10.9 years) with cLBP (duration 12 10 years) participating in a randomised trial of active therapies for cLBP (3 months; physiotherapy, training on machines, aerobics) were examined before and after therapy for: (i) trunk muscle cross-sectional area (MRI), (ii) erector spinae ®bre size/type distribution and pathology (precutaneous muscle biopsies of the left erector spinae at L3/4), and (iii) muscle function (isometric back extension strength, Biering±Sùrensen fatigability test). At baseline, we found signi®cant correlations between the size of the paraspinal muscles and isometric back extension strength (P = 0.0001), and between the proportional area of the muscle occupied by each ®bre type and the fatigability of the muscle (P = 0.012). Following therapy, there were small increases in trunk muscle size in the aerobics and physiotherapy groups and a similarly slight decrease in the devices group. Changes in muscle size correlated weakly with changes in back strength. There were no major changes in ®bre type size or proportion in any group following therapy. We conclude that 3 months active therapy is not sucient to reverse the typical`glycolytic' pro®le of the muscles of cLBP patients or to eect major changes in back muscle size. The alterations in muscle performance observed (increased strength and endurance) are not explainable on the basis of structural changes within the muscle. Naturally occuring antisense RNA has the potential to form a duplex with its complementary sense mRNA, thereby regularing protein expression. Previously we demonstrated considerable amounts of endogenous antisense RNA for mysoin heavy chain (MHC) in human and rat heart suggesting a role in posttranscriptional MHC-regulation. To evaluate whether antisense RNA is also involved in troponin I (TNI) regulation we analyzed rat and human myocardium with RT±PCR, Northern-blotting and Western-blotting. The expression of cardic Troponin I on mRNA levels was investigated by conventional and real-time RT±PCR. Antisense cTNI mRNA was detected from position 153 to 472. Real-time RT±PCR experiments showed that the amount of sense of cTNI mRNA was approximately four times greater higher than the amount of antisense cTNI mRNA in the heart (DCt antisense-sense cTNI 2.3 0.4). Comparing heart tissue from controls and DCMpatients there was no dierence in the relative amount of antisense cTNI mRNA (normalized to sense cTNI mRNA) between both groups. In contrast, semi-quantitative conventional RT±PCR revealed that antisense cTNI mRNA levels (normalized to sense cTNI mRNA) were signi®cant higher in DCM-patients than in controls (P < 0.05). Western blot analysis of human myocardium showed signi®cant lower expression levels of TNI in faling myocardium suggesting a potential role in pathophsyiology of reduced diastolic function. Northern blot analysis revealed that sense and antisense transcript are about the same size. The potential eect of attenuating translation was shown in an in vitro translation assay using a synthetic antisense-oligonucleotide derived from the sequence of the naturally occurring antisense RNA. To test the inhibitory eect of three dierent antisense oligonucleotides (AON) on the protein synthesis in vitro transcription/translation experiments were performed with the pGEM3Z plasmid containing the cDNA of human cardiac TNI. We found that the AON located in the 5¢-untranslated region and spanning the AUG initiation codon was the most eective sequence to decrease TNI production (100% control, 17.7% 4 lM AON, P < 0.001) and showed an AON concentration-dependency (range form 0±8 lM). Nonsense AON (4 lM) had a minimal eect on the TNI synthesis (73.9%, n. sig. Skeletal muscle has important locomotive and metabolic functions in the organism and is subjected increased mechanical overload activity to which it responds with a hypertrophy. This response includes quantitative and qualitative modulations of muscle proteins leading to increases in muscle mass. The aim of the present study was to examine the response of fast-twitch skeletal muscle tissue and myosin heavy chain (MHC) isoform modulation to dynamic type voluntary contraction on heavy-resistance exercise training (HRET). The study was carried out on 16±17 week old male rats of the Wistar strain (National Laboratory Animal Centre, Kuopio, Finland), fed ad libitum with standard laboratory food (SDS-RM1(C) 3/8, Witham, Essex, England) and water. 6-week HRET programme on vertical treadmill for exercise of rats (Pehme, Seene (1996) , J Lab Animal Sci (Suppl 1) 23: 419±424) for mechanical overloading as used. After HRET porgramme 24 h after the last exercise the animals were sacri®ced under ether narcosis and m. plantaris (PLA) and m. vastus lateralis (VL) were taken for electrophoresis and electron microscopy analyzing, respectively. Muscle samples for electron microscopy and radioautographs study (incorporated 3 H-thymidine label) were ®xed in 2.5% glutaraldehyde. MHC protein was separated by 10% SDS±PAGE electrophoresis and MHC isoforms were separated by 5±8% SDS±PAGE electrophoresis. Our results showed that HRET increased the total MHC protein content in m. PLA signi®cantly (34%, P < 0.05), compared with the control group. The modulation of the MHC isoform composition in m. PLA by HRET occurs by increasing the protein content of MHC I and MHC IID isoforms, MHC IIB and MHC IIA isoforms content are in control level. The electron microscopic and radioautographs study showed that some muscle ®bers of the type IIB in m. VL exhibited small damages of myo®brils and 3 H-thymidine-positive myonuclei in mature ®bers appeared, respectively. The appearance of 3 H-thymidine label myonuclei in mature muscle ®bers on the radiographs was considered as the proof of the joining of satellite cells and the muscle ®ber (Umnova et al. (1998) Thigh muscle atrophy (especially m. vastus medialis) is the major problem in the rehabilitation following knee injury and surgery. The function of the knee joint is closely linked to integrity of joint structures, ligaments and the coordinated action of surrounding muscles. Human m. vastus medialis, as antigravity muscle, consists mainly of oxidative muscle ®bers and slow myosin isoform MHC I, respectively. Due to that, m. vastus medialis is particularly susceptible to the changes in functional conditions, caused by inactivity. The changes in skeletal muscle morphology and protein metabolism during and after immobilization-caused inactivity period are well examined, whereas they can be dierent from changes after disuse without immobilization. The prolonged inactivity causes alterations in the MHC isoform composition. Decrease in the mechanical load stimulates the conversion of slow MHC isoforms towards faster isoforms. The aim of this study was to investigate the in¯uence of knee injury caused disuse on functional characteristics of m. vastus medialis, to estimate the degree of disuse-caused atrophy and to determine the changes in MHC composition, occurred as the consequence of disuse. Fourteen patients with diagnosis of medial meniscus lesion volunteered to participate in this study after giving their written consent. Muscle atrophy was estimated using following methods: Circumferences of the thigh muscles were measured at 10 and 20 cm superior to the adductor tubercle on a line connecting the tubercle with the anterior superior iliac spine. The median values of triplicate measures on each thigh level were recorded.The subjects were tested for maximal voluntary isometric contraction (MVC) of quadriceps femoris muscle using special electromechanical computerized dynamometric chair. The force produced by unilateral maximal isometric voluntary contraction (maximal eort) of the knee extensor muscles was measured with a strain gauge and on-line analysed by computer. The biopsy from vastus medialis muscle was taken with a BergstroÈ m needle 6±8 cm proximally from patella. The myosin heavy chain (MHC) isoforms were separated electrophoretically using 5±8% gradient SDS±PAGE. Our results showed that maximal voluntary contraction (MVC) of injured limb was considerably lower as compared with the non-injured limb )522.3 and 715.2 N, (P < 0.05). The girth of thigh was measured to determine the degree of atrophy. The tendency of thigh girth decreasing was observed in operated extremity. The muscular contractile apparatus of human m. vastus medialis, which is antigravity muscle, is particularly susceptible to the changes of functional conditions. The needle biopsies were taken for myosin heavy chain analysis. The composition of MHC I isoform decreased signi®cantly ± from 59.35 to 47.85% (P < 0.05). The average in the group of our patients had tendency towards the increase of the proportion of MHC II a and MHC II b isoform. These changes were subsequently as follows: proportion of MHC II a increased from 34.28 to 38.16% and the proportion of MHC II b isoform from 9.5 to 13.3%. This ®nding shows that MHC I isoforms are particularly sensitive to the altered functional conditions and the decrease in their proportion occurs after diminished weight-bearing.
Cellular protection in overloaded skeletal muscle T.SEENE, M. UMNOVA and P. KAASIK Institute of Exercise Biology, University of Tartu, U È likooli 18, 50090 Tartu, Estonia
Cell structures in dierent tissue systems react to exhaustive exercise. In peripheral blood there are erythrocytes with mitochondria, de-and re-generative processes in hepatocytes of the hepar, hypertrophy of the complex Golgi, delated cisternes, numerous primary and secondary lysosomes in postjunctional sarcoplasm of skeletal muscle ®bers. The damaging eect of exercise depends on the muscle ®ber type. The most sensitive to the exhaustive exercise are fast-twitch muscle ®bers. The aim of the present study was to investigate the eect of overloading in dierent types of extrafusal and intrafusal rat skeletal muscle ®bers and their protection mechanism on the cellular level. Due to the destruction of myo®brils the sarcoplasm-®lled spaces between myo®-brils increase. These spaces contain mitochondria in which can be seen a quantity of cristae and a compact matrix, fragments of T-tubules, fragments of the sarcoplasmic reticulum and a quantity of glycogen granules. In some myo®brils wraped Z-lines can be observed. The destruction of muscle ®ber organelles is accompanied by the activation of lysosomal structures. More extensive and more clearly expressed destructive changes occur in the fast-oxidative-glycolytic (FOG) muscle ®bers, bringing about athrophy of those muscle ®bers. At the same time those ®bers reveal morphological symptoms of the regeneration: increase in the number of nucleoli, satellite cells under the basal membrane, activation of the mitochondrial system, the occurrence of numerous lipid drops and glycogen granules. The ultrastructure of intrafusal muscle ®bers and motor endings in the rat's skeletal muscle have some peculiarities. They are expressed by a de®cit of static component in motor innervation, as one static nuclear chain intrafusal ®ber is devoid of motor innervation, and polyneuronal innervation of the dynamic bag 1 intrafusal ®ber with gamma and beta motor axons of appropriate motoneurons. Reduced motor static component and polyneuronal innervation strengthen the in¯uences of the dynamic intrafusal ®ber in muscle spindle. Ability of the bag 1 plasma memebrane to form ®nger-like projections in the vicinity of motor axonal terminals estabilishes more close synaptic contact and quick transmissions of information concerning changes of muscle length to the CNS. The bag 1 intrafusal ®ber is coinnervated by the beta axon together with oxidative type of extrafusal muscle ®ber. Comparison of the eect of exhaustive exercise on the ultrastructure of the muscle spindles in fast-and slow-twitch muscles, shows that in slow-twitch muscles intrafusal muscle ®bers indicate some signs of destruction of myo®brils and other cell organelles. Intrafusal muscle ®bers being located in the slow-twitch muscle adapt themselves to increased activity with a mechanism of response reaction similar to that of extrafusal ®bers, although the changes in intrafusal muscle ®bers are considerably smaller than those in extrafusal ®bers. The catabolic eect of exhaustive exercise on myo®brils seems to be realised through the augmented alkaline proteinase activity. Although a signi®cant weight reduction occurred only in the fast-twitch ®bers, the intracellular catabolic eect was noted in the slow-twitch muscle ®bers as well. Alkaline proteases are synthesized in mast cells. After degranulation the enzyme enters the muscle cell. Simultaneously the number of mast cells in the lymph node medulla is considerably decreased, as the lymph nodes are the source of the muscle mast cells. The mechanism of cellular protection depends on the type of muscle ®bers, related with the dierent hormonal factors and ability of ®ber to develop anabolic and anticatabolic activity in overloaded skeletal muscle.
Unilateral masseteric hypertrophy in an athlete using anabolic steroids 
T'', Nikis 2, 14561 Ki®ssia, Greece
Masseteric hypertrophy is recognized as an enlargement of one or both masseter muscles. The unilateral chewing composes the most common cause of masseter hypertrophy. Anabolic steroids (A.S) are derivatives of testosterone, demonstrate the same action as the male hormone and enhance growth muscle bulk and strength. A 30-year old man presented in our clinic for a painless swelling in the region of the left angle of mandible that he noticed a week prior to his visit. Taking the history, he reported that he is training in weight lifting. During the last month he received A.S to improved his performance. In total he used 30 ampules stanozolone (50 mg/ml) and 20 ampules metenolone (200 mg/ml). Additionally the same period, a problem with the ®rst upper right molar appeared. Because of the pain he was chewing food entirely on the left side of his mouth. The diagnosis of unilateral masseter hypertrophy was con®rmed by the Distital Image Pro-plus System for the exact appreciation of the minor diameter of the muscle ®bers. It is worthy noting that muscle hypertrophy and strength is increased by overloading muscle. In our case the total load and the total time of mastication were increased unilaterally. Additionally the athlete received large doses of A.S. Their systematic administration increased the strength and the bulk of exercising muscles. We conclude that although there are many reports in bibliography about unilateral masseteric hypertrophy, we are the ®rst to indicate the occurance of such a situation by combined action of unilateral mastication and excessive doses of A.S, in a very short period time. Although the cardiac ryanodine receptor (RyR-2) is one of the largest (homotetramer with subunit M r around 560 kD) and most complex proteins known todate, our understanding of its regulation at the molecular level, is far from complete. The cardiac isoform RyR-2 was readily oxidized by NO donors like 1,1-diethyl-2-hydroxy-2-nitrosohydrazine (DEANO) and sodium nitroprusside and by oxidants like H 2 O 2 and o-iodosobenzoic acid. NO oxidation of RyR-2 resulted in a conformational change detectable by increased electrophoretic mobility upon SDS±polyacrylamide gel electrophoresis. The NO-mediated mobility shift was reversed by treatment with dithiothreitol and was blocked by modi®cation of RyR-2 sulfhydryl groups with 4-vinylpyri-dine. Oxidation of RyR-2 by the various oxidants apparently results in the formation of intramolecular disul®de bond(s) as judged by a reduction of apparent M r on SDS±polyacrylamide gel electrophoresis. RyR-2 present in cardiac sarcoplasmic reticulum (SR) vesicles was also oxidized by NO donors and oxidizts in a dose dependent manner suggesting that RyR-2 is a likely target of NO and other oxidants in the heart. We propose that oxidation/reduction may serve as a novel mechanism for modulating the function of this protein, and thus SR calcium release, in health and disease.
Support from European Community (to L.G.B.) QLG1-CT-1999-51210 is gratefully acknowledged.
The importance of the C-terminal domain of cardiac troponin C in Ca 2+ -sensitive muscle regulation M.J. CALVERT, D.G. WARD, H.R. TRAYER and I.P. TRAYER School of Biosciences, The University of Birmingham, PO BOX 363, Edgbaston, Birmingham, B15 2TT, UK
The interactions between troponin I and troponin C are central to the Ca 2+ regulated control of striated muscle. Using isothermal titration microcalorimetry we have studied the binding of human cardiac troponin C (cTnC) and its isolated domains to human cardiac troponin I (cTnI). We provide the ®rst binding data for these proteins whilst they are free in solution and unmodi®ed by reporter groups. Our data reveal that the C-terminal domain of cTnC is responsible for most of the free energy change upon cTnC/cTnI binding. Importantly, the interaction between cTnI and the C-terminal domain of cTnC is eight-fold stronger in the presence of Ca 2+ than in the presence of Mg
2+
, suggesting that the C-terminal domain of cTnC may play a modulatory role in cardiac muscle regulation. Changes in the anity of cTnI for cTnC and its isolated C-terminal domain in response to ionic strength support this ®nding, with both following similar trends. At physiological ionic strength the anity of cTnC for cTnI changed very little in response to Ca In L-type Ca 2+ channels of cardiac and smooth muscle, the channelforming a1C subunit interacts with the cytoplasmic b2 subunit. Recently, we described a novel protein partner for the cardiac b2 subunit, named pp700 to convey its features as giant (700-kDa) phosphoprotein that has similarities to the human neuroblast dierentiation-associated AHNAK protein. We now de®ne the molecular structure, localization and complex formation of cardiac pp700/ AHNAK in more detail. We raised antibodies against deduced amino acid sequences of human AHNAK encompassing the three main portions of the molecule: head (head-Ab), central region with multiple repeated motifs (KIS-Ab, FEN-Ab), and tail (tail-Ab). When the total protein fraction of rat heart was probed, all three antibodies recognized a 700-kDa protein suggesting the presence of the full length AHNAK protein. However, the tail-Ab gave a less prominent 700-kDa AHNAK band, while it reacted strongly with an additional 36-kDa protein.
Immuno¯uoroscence microscopy using both head-Ab and KIS-Ab revealed that AHNAK is located preferentially at the plasma membrane of rat cardiomyocytes in situ and in vitro. In contrast, the tail-Ab showed strong myo®brillar staining which is probably related to the abundant low molecular mass AHNAK species. Physiological relevance of the interaction between AHNAK and Ca 2+ channels was corroborated by showing that the two proteins can be co-immunoprecipitated from cardiomyocytes and that they interact in a GSTpulldown assay. Our results suggest that in cardiac tissue pp700/ AHNAK is tethered to L-type Ca 2+ channels by the b2 subunit and that it may play dierent roles dependent on localization and coupling.
Interaction of the heart speci®c N-terminal arm of bisphosphorylated human cardiac troponin I A.R. SCHMIDTMANN, K. LOHMANN, Y. DONG, R. THIELECZEK and K.E. JAQUET Institute of Physiological Chemistry, Ruhr-University Bochum, 44780 Bochum, Germany
Troponin, a regulatory protein of the thin ®lament, consists of three subunits: Troponin T, the tropomyosin-binding subunit; Troponin I, the inhibitory subunit and Troponin C, the Ca 2+ binding subunit. In comparison to skeletal Troponin I the cardiac isoform contains a N-terminal extension of 32 amino acids. This N-terminal extension contains two adjacent serine residues at positions 22 and 23 (human isoform). These serine residues can be phosphorylated by the cAMPdependent protein kinase upon û-adrenergic stimulation. Phosphorylation of these two serine residues leads to a conformational change of Troponin I and lowers the anity of Troponin I towards Troponin C and T. This probably induces a reduction in the anity of Troponin C towards Ca
. However, this mechanism is not known. It has been supposed that the N-terminal extension is ®xed to Troponin I itself, when dephosphorylated. The bisphosphorylated N-terminal extension is proposed to interact with Troponin C or Troponin T.
31 P-NMRmeasurements revealed that Troponin C is not the interaction partner of the bisphosphorylated extension of Troponin I. Therefore, 31 P-NMR-measurements of reconstituted bisphophorylated Troponin I with Troponin C and deletion mutant proteins of Troponin T will be performed and the spectra will be presented.
Exchange of troponin T isoforms in single cardiomyocytes from rat J. VAN Myocardial performance is determined by the expression levels of dierent isoforms of contractile and regulatory proteins. Hence, alterations in contractile protein composition under pathological conditions will in¯uence contractile performance of the heart. However, little is known about the contributions of the individual proteins to myocardial pump (dys)function. Part of the changes in force development, energy utilization and their Ca 2+ sensitivities have been attributed to troponin T (TnT) isoform expression. Previous studies on rat and human myocardium have shown re-expression of fetal TnT isoforms during cardiac pathology. In this study, extraction of native adult TnT and reconstitution with exogenous adult or fetal TnT in cardiomyocytes from rat was used to elucidate the causal relationship between TnT isoform composition and myocardial performance. The exchange of TnT in single myocytes without altering other contractile proteins oers the unique possibility to identify the individual contribution of TnT to myocardial performance. Force and its Ca 2+ sensitivity were measured in rat cardiomyocytes before and after extraction of endogenous TnT and reconstitution with adult or fetal TnT. There were no signi®cant dierences in maximal isometric force and its Ca 2+ sensitivity between cardiomyocytes reconstituted with the adult or fetal TnT isoform. Maximal isometric force amounted to 23 7 and 22 5 kN m )2 in the presence of adult and fetal TnT, respectively. The midpoints of the calcium sensitivity curves were 5.42 0.03 and 5.39 0.07 in cardiomyocytes containing adult and fetal TnT, respectively. Our experiments show the feasibility of selective replacement of contractile protein isoforms in single cardiomyocytes. This makes it possible to study the functional properties of dierent contractile isoforms, without aecting other contractile proteins. The results indicate that maximal isometric force and its Ca 2+ sensitivity are not aected by TnT isoform composition.
Intracellular [Ca 2+ ] in cardiac myocytes from male, female and ovariectomised female rats C.L. CURL, I.R. WENDT, G. KOTSANES and B.J. CANNY Department of Physiology, Monash University, Victoria, Australia, 3800
The presence of functional oestrogen receptors in the heart suggests that cardiac muscle is a target for oestrogen action, and raises the possibility that cardioprotective actions of oestrogen may contribute to gender-speci®c dierences in the incidence of cardiovascular disease. It was the aim of the current study to elucidate the existence of gender related dierences in Ca 2+ handling by the heart, and the role of oestrogen in the expression of any dierences observed. Intracellular [Ca 2+ ] was monitored with fura-2 in freshly isolated single cardiac myocytes superfused at 25°C with physiological saline containing various concentrations of extracellular Ca ] was increased from 0.5 to 2.0 mM. The increases were, however, greater in myocytes from intact males and OVX females than in those from intact females. As a consequence peak [Ca 2+ ] i was signi®cantly higher in male and OVX female myocytes than in intact female myocytes (e.g., 359 38, 306 45 and 209 26 nM respectively, at 2.0 mM extracellular [Ca 2+ ]). In addition, the rate of decay of the Ca 2+ transient was signi®cantly faster in male (386 18 ms) and OVX female (363 42 ms) myocytes as compared to intact female myocytes (557 28 ms). The dierence in [Ca 2+ ] i were accompanied by dierence in cell shortening with male and OVX female myocytes exhibiting a greater extent of shortening, and faster rate of relengthening, than intact female myocytes. The results reveal signi®cant dierences in peak [Ca 2+ ] i and the amplitude, and rate of decay, of the Ca 2+ transient between male and female cardiac myocytes. These dierences are likely to be attributed to the actions of oestrogen, since myocytes from ovariectomised females displayed similar [Ca 2+ ] i levels and responses to those from male rats. To determine the critical diameter of human atrial trabeculae where oxygen supply becomes limiting, we measured trabecular oxygen consumption (VO 2 ) at dierent oxygen tensions (PO 2 ), and at dierent stimulation frequencies (0±3 Hz) in bicarbonate buered Tyrode solution at 37°C. Atrial biopsies where obtained from 11 patients undergoing coronary bypass surgery. By determining VO 2 at dierent stimulation frequencies and PO 2 one can determine PO 2,crit , the oxygen tension at which the trabeculae develop anoxia. In superfused preparations PO 2,crit is determined by the level of metabolic activity and trabecular cross-sectional area (CSA). When myocytes in the core of a trabeculum become hypoxic, mitochondria will be able to utilise less oxygen for ATP production. As a consequence, total trabecular VO 2 will decrease. Trabecular CSA ranged from 0.0045 to 0.13 mm 2 (diameter: 0.076±0.41 mm). In 7 out of 11 trabeculae VO 2 depended on stimulation frequency. In all trabeculae resting and stimulated VO 2 decreased when lowering PO 2 from 722 to 361 mmHg (Tyrode saturated with 95 and 47.5% O 2 , respectively). At 722 mmHg, resting VO 2 ranged from 0.27 to 9.2 mM s )1 . Maximal VO 2 (MVO 2 ) ranged from 0.56 to 41.2 mM s )1 . We found a hyperbolic relationship between MVO 2 and CSA. The product of CSA and MVO 2 amounted to 0.14 0.02 nmol mm )1 s )1 (mean SEM). Three out of 11 trabeculae, diameter >0.323 mm, contracted during the experiment. Developed forces ranged from 6 to 25 mN mm
. In this study on isolated human atrial trabeculae we found resting and stimulated VO 2 to be much higher than could be predicted on the basis of mitochondrial volume and VO 2,max in other species. Under these circumstances the measured MVO 2 is an underestimation of the actual MVO 2 , because the MVO 2 seems to be limited by CSA. Because of these high VO 2 's there is an oxygen limitation in these trabeculae during superfusion with carbogen saturated Tyrode solution at 37°C.
Structure-function relationships in cardiac contractile proteins P.P. DE TOMBE Cardiovascular Center, Departments of Physiology, Biophysics and Cardiology, University of Illinois at Chicago, 900 S. Ashland Avenue Chicago IL 60607, USA
The depressed ventricular pump function that is characteristic of congestive heart failure (CHF) has at its basis, in part, impaired function of the cardiac myocyte. Recent work by our laboratory and others has shown that end-stage CHF is associated with impaired contractile protein force generating capacity and cross-bridge cycling rate. We observed a similar phenomenon in long standing diabetes. Interestingly, early stage CHF is associated with a reduction in electrically stimulated twitch force in the absence of contractile protein function abnormalities. Hence, there appears to be a hierarchy of speci®c events that lead to contractile dysfunction during the development of CHF. The precise mechanisms that underlie altered contractile protein function in disease, however, are incompletely understood but may involve both altered contractile protein isoform expression as well as post-translational modi®cation such as phosphorylation and proteolysis. Therefore, to assess the role that such contractile protein alterations play in force development and cross-bridge cycling rate, we have embarked on a systematic study of the impact of select contractile protein alterations on these parameters. The methods employed involved both transgenic murine models and contractile protein extraction/reconstitution techniques. Speci®cally, we have investigated the role of troponin-T, troponin-I, actin, and tropomyosin alterations, a truncated form of the myosin light chain, as well as contractile protein phosphorylation. We found that 1) all thin ®lament related contractile protein changes aect calcium responsiveness of force development, 2) actin isoform reduces cross-bridge cycling rate, and 3) truncated myosin light is without an aect. In addition, both troponin-T and troponin-I isoform aect length dependent activation, which is the molecular mechanism that underlies the`FrankStarling's law of the heart'.
The interactions of troponin T with troponin C and troponin I G.B. FAIRHEAD, E.J. AUSTIN and I.P. TRAYER School of Biosciences, The University of Birmingham, Edgbaston, Birmingham, B15 2TT, UK Muscle contraction is regulated by calcium binding to troponin C (TnC), which results in an internal reorganisation of the interactions within the troponin±tropomyosin (Tn±Tm) complex. Troponin T (TnT) has traditionally been considered to have a predominantly structural role linking the Tn to Tm. However, TnT is also necessary for the calcium dependant inhibition, and achieves this by interacting directly with TnC. TnT consists of an extended N-terminal domain that interacts with Tm, and a C-terminal domain that interacts with troponin I (TnI), TnC and Tm. In this study we have used recombinant cardiac (c) isoforms of TnT, TnC and TnI to probe the interactions within the complex. We have produced 13 deletion mutants of cTnT and these have been used to look at their interactions with cTnC, the N-domain of cTnC (c N TnC; residues 1±91), and cTnI. The cTnC, c N TnC and a single cysteine mutant of cTnI were all labelled with IAANS. The various fragments were then titrated into a solution of these¯uorescent proteins and the change in uorescence monitored to produce a binding curve. Strong interactions between cTnT 167±288 (T 2 ) have been observed with both cTnC and cTnI. Results have so far been gained for the interactions of the deletion mutants with, cTnC (in the presence and absence of calcium), and TnI.
Four b-adrenoceptor sub-types in rat atrial myocytes? N.S. FREESTONE Cardiovascular Research, Rayne Institute, St. Thomas' Hospital, King's College London, Lambeth Palace Road, London, SE1 7EH, UK Whilst negative inotropic eects mediated via b 3 -adrenoceptors have recently been described in the human myocardium there seems to be species-dependent eects in other animals. In particular it has recently been shown that whole rat ventricular and atrial muscles do not exhibit a negative inotropic response when exposed to a variety of b 3 -adrenoceptor agonists. However, the situation in isolated rat myocytes may be somewhat dierent. Using electrically stimulated, Indo-1 loaded rat atrial myocytes a signi®cant diminution in the amplitude of Ca 2+¯u orescence transients was observed when these cells were exposed to the b 3 -adrenoceptor agonist, BRL 37344 at a concentration of 300 nM. The reduction was from 0.38 0.06 to 0.32 0.05 ratio units (P = 0.0171; 11 cells from seven hearts). This eect was observed in the presence and absence of propranolol at a concentration sucient to block b 1 /b 2 -adrenoceptors (200 nM) and at higher concentrations of BRL 37344. Addition of 100 nM CGP 12177, an agonist for the putative b 4 -adrenoceptor, on the other hand, caused large increases in the amplitude of the Ca 2+¯u orescence transients from 0.32 0.05 to 0.46 0.07 ratio units, in the presence of both BRL 37344 and propranolol (P = 0.0024, 11 cells from seven hearts). Native L-type calcium channels of class C are minimally composed of an a1C subunit, a b2 subunit and an a2d subunit. Recently, we identi®ed a novel calcium channel-associated protein in mammalian cardiomyocytes, the giant phosphoprotein pp700/AHNAK ($700 kDa). AHNAK interacts speci®cally with the b2 subunit of cardiac L-type calcium channels as revealed by coprecipitation experiments. The present study concerns the identi®cation and characterization of interaction sites for the b2 subunit in the AHNAK protein, which can be divided into three main structural regions: the amino-terminal 251 amino acids, a large central region of about 4300 amino acids with multiple repeated motifs, and the carboxyl-terminal 1002 amino acids. We localized a region in the C-terminus of the AHNAK protein that is responsible for its interaction with native and recombinant b2 proteins. Using a series of AHNAK-GST fusion proteins encompassing the 5643 amino acids of human AHNAK, a domain consisting of amino acid residue 5260±5643 has been identi®ed to be important for the b2 binding. Our results have further demonstrated the signi®cance of the b2 subunit in tethering of L-type Ca 2+ channel to AHNAK. We suggest a critical role for the Cterminal domain of the AHNAK protein in this interaction. To investigate the functional interaction between the smooth muscle type Ca 2+ channel a1C-b subunit and the auxiliary b2a subunit, we expressed these proteins in HEK293 cells and characterized the b2a-induced modulation of Ca 2+ channel function in cell-attached as well as in inside-out patches. The role of the a1C-b interaction domain within the I±II linker of a1 (AID) in functional coupling between these subunits was tested by disruption of the a1-b interaction with a peptide corresponding to an AID sequence. Ca 2+ channels derived by coexpression of a1C-b and b2a subunits exhibited a signi®cantly (three-fold) higher open probability (Po) than a1C-b channels. High Po gating of a1C-b´b2a channels was associated with promotion of long-lasting openings (s > 10 ms) which were rarely observed in a1C-b channels. Modulation of fast gating by the b2a subunit persisted in the cell-free, inside-out con®guration. A peptide corresponding to a sequence of the a1C-b interaction domain located in the I±II linker of a1C (AID-peptide) was found to bind with appreciable anity to cardiac b2 proteins. The AID-peptide inhibited the binding of cardiac b2 subunit to an immobilized a1C-b interaction peptide with a K I of 100 nM. When administrated to the cytoplasmic side of patches, the AID-peptide (10 lM) induced a rapid decline of Po of a1C-b´b2 channels, but failed to aect a1C-b channels in the absence of expressed b2 subunit. We demonstrate that the b2 subunit controls fast gating of a1C-b channels, and that a peptide that inhibits binding of b to the AID, promotes dissociation of a1 and b in inside-out recordings. Our results support the view that AID within the I±II linker of a1C determines the anity of the a1-b interaction and suggest that functional modulation by b2a requires multiple interaction sites in a1. The goal is to investigate the dynamics of including of three cardiomyocyte systems in the process of adaptation to chronic pressure overloading and to elucidate its relative role in the development of adaptation and heart failure (in the conditions most close to those in man). The work has been carried out on dogs with aortic stenosis (the decrease of aortic diameter up to 45±50% of normal level) of 1 week to 18 months duration. The functional state of myocardium and isolated systems responsible for contraction-relaxation cycle of cardiomyocyte from both ventricles has been studied, as well as the content of catecholamines, the densities of adrenergic and muscarine receptors, the activity of adenylate cyclase (AC) and phosphodiesterase (PDE). It has been established that in dogs in the initial state of mild aortic stenosis (in the absence of manifested hypertrophy ± up to 4 weeks after stenosis) in the basis of contractile failure of the myocardium lies the isolated damage of mechanochemical energy transducer, myo®brils of cardiomyocyte (decrease of their ability to generate force and perform work, maximum fall takes place at the end of fourth week after stenosis). The ®rst histomorphological signs of myocardial hypertrophy appears by the 8 week after aorta stenosis, however without signi®cant disturbances in the energy supply system while Ca-transport system is sharply activated. Afterwards, during 3±6 month signi®cant increase of myocardial hypertophy accompanied with improvement of functional state of contactile protein and energy supply systems and maintenance of sharp activation of Ca-transport system occurs. After the period of relative stabilization of functional state the period of hypertrophied myocardium exhaustion (12± 16 month) follows. Thus the problem of its restoration becomes both the problem of simultaneous impact and harmonious restoration of functional activity of all the three systems of cardiomyocyte. To understand how an increase in SERCA pump levels aect Ca 2+ homeostasis and cardiac contractility, we have generated mice that overexpress SERCA1a, which has faster kinetics than SERCA2a, the endogenous isoform. Total SERCA proteins levels are increased 2.5-fold in TG hearts. Confocal analyses show that SERCA1a tracs to the cardiac SR and structurally substitutes for the endogenous SERCA2a isoform. SERCA1a overexpression results in signi®cantly higher peak Ca 2+ amplitude and SR Ca 2+ load as analyzed by caeine and Fura-2 imaging. Determination of Ca 2+ waves reveals that the time of Ca 2+ decay is faster in SERCA1a myocytes. In addition, we observed spatial dierences in kinetics of Ca 2+ release and decay between perimeter and cell center. We also found that the spark frequency and amplitude are altered in SERCA1a mice, suggesting an altered SR Ca 2+ load, as well as altered uptake. These studies provide important evidence that overexpression of SERCA1a can increase SR Ca 2+ transport and substitutes both structurally and functionally for SERCa2a in the heart. Thus, SERCA1a represents an attractive candidate for restoring Ca 2+ homeostasis in failing hearts. The 700-kDa phosphoprotein AHNAK is present in a variety of cell types. AHNAK shows dierential distribution in several tissues and is localised at the plasma membrane of cardiomyocytes. AHNAK has been shown to be associated to the b 2a subunit of the cardiac L-type calcium channel. However, the function of this protein is still unclear. We used the chinese hamster ovary cell line which was stably transfected with the coding region of the cardiac calcium channel subunit a 1C-a (CHOa 1C-a The aim of our study was to estimate charge density at the surface of myosin ®laments and to investigate the ionic behaviour of hexagonal lattice following water-contractile proteins interaction from glycerinated heart biopsies from patients with valvulopathies versus controls in Co, Re and Ri by means of 1 H NMR and Na 2+ uptake. Glycerination procedure and preparation of biological samples for radioisotope uptake experiments and for 1 H NMR measurements has been done according with the published technique (F. Revnic, 1987, Rom J Geront & Ger). Proton transverse relaxation times have been measured with Aremi'78 Spectrometer and radioisotope uptake of Na 2+ have been performed in liquid phase scintilation with a Beta Berthold Scintilation Counter. Pathological condition is associated with an increase in T2s and T2l proton transverse relaxation times in contraction accounting for a weaker interaction of H + to the ionisable non polar groups of contractile proteins side chains. A decrease in ®xed negative charges in contraction of pathological myocardium is expressed by a decrease in Na 2+ uptake versus controls. Supplimentary dissociation of COO-and NH 2+ of contractile proteins with modi®ed features, determine in contraction an increase in super®cial charges density at the surface of myosin ®laments. These non functional proteins have an abnormal interaction with water leading to an increase in T2s and T2l, to the relaxation of water protons is added also the relaxation of H + from contractile proteins side chains. The depressed contractile activity in pathological myocardium suggests that the interaction between thick and thin ®laments within myo®brilar lattice may be abnormal. A certain proportion of crossbridges from myosin ®laments with modi®ed features are no longer functionally ecient. Delayed serum accumulation of muscle-derived enzymes and structural proteins is known to be found after intensive muscle tension (see refs Clarkson et al., 1985) . Therefore we hypothesized that (i) the acute exposure to hypergravity may induce the pronounced serum creatinphosphokinase (CK) accumulation; (ii) the level of such accumulation may be suciently modi®ed after long-duration unloading, i.e. bedrest; (iii) the chronic application of arti®cial gravity at least in part should prevent from such modi®cation. Eleven 4±5 years old Rhesus monkeys were subjected to 30 day )10°head-down tilt bedrest (BR) being trained for the ®xation procedure beforehand. Six of them were exposed to arti®cial gravity countermeasure application ± BR+Gz ± (Gz with the cumulative head-pelvis acceleration of 1.2 G for 5± 30 min). The acute hypergravity (HG) test procedure (incremental acceleration with exposure to 3G for 30 s) was performed in all monkeys before and after BR. The serum total CK activities were measured in pre-and post-(in 3 h) test venous blood samples by means of Re¯otron-4 analyzer (Homann-LaRoche, Switzerland). After pre-BR test the dramatic increase of CK serum concentration from 193 43 at rest to 1065 137 was observed in all monkeys. After BR no signi®cant increase of CK concentration in post-HG-test samples was found in all monkeys belonged to both BR and BR+Gz groups (121 5 at rest vs. 131 19 in post HG samples). It is concluded that (i) the acute exposure to hypergravity induces the delayed increase in serum CK concentration (possibly due to antigravity muscles' tension); (ii) the exposure to long duration bedrest leads to the inhibition of the CK response to HG; (iii) the Gz countermeasure application doesn't in¯uence on the above mentioned eect.
Modulation of the smooth-muscle L-type
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To the possibility of heart deremodeling in chronic heart failure (CHF) by refrakterine G.V. SUKOIAN, A.N The action of two therapeutic approaches of CHF II-IV functional class by NYHA on the hypertrophied heart was studied. Sixty eight patients (mean (SD) age 62.5 2.9 years) with chronic ischemic heart disease, postinfarction cardiosclerosis, accompanied with hypertension (9.5 0.9) were examined. Written informed consent was obtained from all patients. All patients were randomised into two groups, showing no substantional dierence between two groups. All patients in two groups received daily furosemide, enalaprile, atenolole, but in the ®rst group (34 patients) the treatment was strengthened by digoxine and in the second ± by refrakterine (cardiotropic drug, containing b acetildigoxine, oxyfedrine, nicotinamide adenine dinucleotide (NAD, cytochrome C and inosine). Multiple relationship between relative wall thickness (RWT) and circum¯ex ®ber shortening (Vcf) and degree of hypoxia (NAD/NADH) and activities of enzyme antioxidant defence system (superoxide dismutase (SOD) + catalase (CAT) + glutationperoxodase (GSHPx)) r = 6.7, P < 0.001 has been found, as well as between Vcf and LV ejection fraction (EF), between E/A (ratio of early and late maximal velocities of LV ®lling) and RWT with the same biochemical parametres r = 6.45 (P < 0.001) and r = 6.8 (P < 0.001) respectively has also been found. The relationship between regression of LVH and improvement of E/A or Vcf as well as between each single parametres of antioxidant enzymes activities and criterium of central hemodynamic has not been found. Signi®cant improvement of RWT, decrease of septal thickness and end-diastolic dimension, signi®cant increase of Vcf, E/A and EF have been found in the group receiving refrakterine unlike traditionally treated patients. The improvement of central hemodynamic and myocardial geometry in the group receiving refrakterine is accompanied by signi®cant improvement of metabolic state. Obtained data gave ground to conclude that refrakterine in combination with antihypertensive drugs not only stops the remodeling as in case of drugs which decrease pressure overload of the heart, but also initiates the heart deremodeling process. This eect may be reached only by breakdown of metabolic vicious circle of CHF maintenance. The development of left and right ventricular hypertrophy in case of in¯amatory disease (TAM10dd) is accompanied by systolic and diastolic functions disturbances, it reaches maximum level by the 10-th day after disease's development and is characterized by full uncoupling between systolic and diastolic functions. At the same time the content of adenine nucleotides and creatine phosphate (CrP) markedly decreases, and coecient of energetic eciency of mitochondria also decreases to 20% of normal level. Cardiomyocyte oedema and development of congestive heart failure occurs. Subcellular mechanism of this phase of hypertrophy includes pronounced simultaneous damage of all three system, responsible for contraction relaxation cycle in the following order: the system of contractileprotein (®rst day), energy supply and Ca-transport systems (second and third days). The estimation of functional reserve in TAM10dd has been produced by the pressure overload of the heart under eight multiple aortic ligations of 40 s with 5 min interval between ligation has shown that in TAM after ®rst ligation there were 15% of lethality among the animals, after fourth ± 55% and after eighth ± 70%. Functional reserve falls from 2.2 in norm to 1.26 in TAM, and coecient of performance ability from 0.65 to 0.45. In the basis of myocardial functional reserve exhaustion lies the development of energy de®cite state in myocardium of both ventricles (the content of ATP falls by 72 and 68, CrP by 74 and 67% respectively, sharply decreases the ratio of NAD/NADH and increases the ratio lactate/ pyiruvate). The generation of vicious metabolic circle accumulates on the strengthening of the damage of contractile protein system and the deterioration in the Ca-transport system. This leads to the structuralconformational changes in the main contractile protein ®lament, actin, as shown by phase-modulation¯uorimetry with high selectivē uorophores. As for as similar conformational changes are undergrowing in actin even after coronary artery occlusion of 15 min duration, these changes are posttranslational and may be reversible in conditions of elimination of energy state and breakdown of metabolic vicious circle. A crosslinking study of the N-terminal extension of cardiac troponin I D.G. WARD and I.P. TRAYER School of Biosciences, University of Birmingham, Edgbaston, Birmingham, B15 2TT, UK Cardiac TnI possesses a 29 amino acid extension at its N-terminus not seen in other TnI isoforms. Phosphorylation by PKA of serines 22 and 23 within this extension decreases the Ca 2+ anity of the regulatory site located in the N-terminal domain of TnC. The mechanism by which the phosphorylation signal is transmitted from the N-terminal extension of TnI to the N-terminal domain of TnC remains poorly understood. We have used crosslinking to investigate which thin ®lament proteins are in close proximity to (and hence capable of forming functional interactions with) the N-terminal extension. A series of monocysteine mutants were created (S5C, E10C, I18C and R26C) based on C79/96S human cardiac TnI. These proteins were overexpressed and puri®ed to homogeneity. Mass spectrometry showed that we were able to incorporate into each mutant 1 mol/ mol of benzophenone 4-maleimide, presumably at the introduced cysteine residue. The TnIs bearing the crosslinker were reconstituted into troponin. All four TnIs formed crosslinked TnI-TnC upon irradiation at 360 nm, whether in binary or tertiary troponin complexes or reconstituted thin ®laments. Small quantities of TnI-TnT were detected but no TnI-actin or TnI-tropomyosin. Bisphosphorylation of the TnIs with PKA prior to irradiation produced a small reduction in the extent of crosslinking. These results suggest that the N-terminal extension of TnI lies in close proximity to TnC but does not undergo a large movement away from TnC upon phosphorylation. This work was supported by the Wellcome Trust.
Expression of recombinant RyR
A triad targeting signal is located in the C-terminus of the skeletal muscle calcium channel a 1S subunit BERNHARD E. FLUCHER, NICOLE KASIELKE and MANFRED GRABNER Department of Physiology and Department of Biochemical Pharmacology, University of Innsbruck, Austria
The L-type calcium channel of skeletal muscle is speci®cally localized in the junctional membranes of the calcium release units, called the triads, where it functions as voltage-sensor in excitation-contraction coupling. The mechanisms and signals underlying the targeting of the calcium channel into the triads are not known. Reconstitution of dysgenic myotubes with the skeletal muscle calcium channel a 1S subunit expressed from cDNA restores calcium currents, excitation-contraction coupling and the normal localization of a 1S . In contrast, expression of the neuronal a 1A subunit gives rise to robust calcium currents but not to excitation-contraction coupling or triad targeting. In order to identify regions in the primary structure of a 1S involved in the targeting of a 1S into the triads, chimeras of a 1S and a 1A were generated, expressed in dysgenic myotubes, and their subcellular localization was analyzed with immuno¯uorescence labeling. Chimeras containing the C-terminus of a 1A were not incorporated into triads. Conversely, the C-terminus of a 1S conferred the ability for triad incorporation to the neuronal calcium channel. Substituting a 70 amino acid C-terminal segment of a 1S with the corresponding sequence of a 1A was sucient for triad targeting of a 1A and for the restoration of Ca 2+ -dependent excitation-contraction coupling. So far the smallest segment of a 1S that was able to confer triad targeting properties to a 1A is a 55 amino acids sequence between residues 1607 and 1661 of a 1S indicating that this sequence contains an essential triad targeting signal.
Supported by FWF grant P12653-MED and EU grant ERB-FMRXCT960032 to B.E.F. and FWF grant P13831-GEN to M.G. Sphingosine-1-phosphate (S1P), a natural metabolite of cellular membrane, was identi®ed as a novel signalling substance involved in the regulation of many important cellular processes such as growth, dierentiation and apoptosis in many cell lines. S1P has been reported to stimulate the activity of phospholipase D and of protein kinase C. Since L-type Ca +2 channels and ryanodine receptor activity in skeletal muscle ®bres is known to be modi®ed by phosphorylation from protein kinases this work was planned evaluate possible eects of S1P on Ltype Ca 2+ current (I Ca ) and on charge movement, events involved in excitation±contraction coupling. The experiments were carried out on voltage clamped single segments of skeletal muscle ®bres, mechanically dissected from the semitendinosus muscle of Rana esculenta, by means of double-Vaseline-gap technique. Control solutions minimized any ionic current except for I Ca . S1P (25, 50, 100 nM) was added to the extracellular solution containing 2 mM Ca 2+ . Our results show that S1P increased I Ca amplitude and shifted the charge vs voltage relation toward more negative potentials. These eects were dose and time dependent. These ®ndings support a clear-cut modulating eect of S1P on I Ca kinetics. Supported by grant n°945 from Telethon Italy and Co®nanziamento MURST 1999.
Screening known mutation in skeletal muscle sodium channel gene by multiplex allele-speci®c PCR N.H. MAO, C. HANG, F. LEHMANN-HORN and K. JURKAT-ROTT Department of Applied Physiology, Ulm-University Ulm, Albert-Einstein-Alleestraûe, 89081 Ulm, Germany
The gene SCN4A (sodium channel skeletal muscle a-subunit) encodes the a-subunit of the human adult skeletal muscle sodium channel and has 24 exons in which 28 disease-causing mutations have been found. Because the mutations result in dierent diseases, it is important to screen mutations to determine diagnosis, treatment and prognosis of the patients. By multiplex allele speci®c PCR, a total 344 samples were tested for all 28 mutations in the gene SCN4A, including 76 patient samples with HyperPP (Hyperkalemic periodic paralysis), 73 patient samples with PC (Paramyotonia congenita), 23 patient samples with PAM (Potassium-aggravated myotonia), 107 patient samples with HypoPP (Hypokalemic periodic paralysis), 65 patient samples with DMC (Dominant myotonia congenita Thomsen). The patients with HyperPP, PC and PAM can be genetically clari®ed to 56.6, 49.3, 34.8% by this method respectively. 10.3% of the patients with HypoPP have SCN4A mutation, compared to the mutation occurrence of approximately 30% in the calcium channel gene CACNA1S. It was thought the disease DMC was caused mainly by the mutations in the chloride channel genes CLCN1, but 20% of these individuals have known sodium channel mutations. This may be caused by maldiagnosis. Another reason for this is that several SCN4A mutations can produce Thomsen-like myotonia phenotype. We conclude that genotyping will play an increasing important role for judging prognosis and administering treatment to patients with ion channelopathies. Plectin is a high molecular weight protein ($530 kDa) that binds actin, intermediate ®laments and microtubules. Mutations of the human plectin gene cause the autosomal recessive disorder epidermolysis bullosa simplex with muscular dystrophy. In adult human skeletal muscle, plectin shows a distinct localization at the cytoplasmic face of the sarcolemma and at desmin intermediate ®laments. In the present study we have analysed temporal and spatial plectin expression patterns with emphasis to its sarcolemmal localization during human skeletal muscle dierentiation in vitro. Northern and Western blots revealed at least two plectin isoforms (molecular masses: 530 and 360 kDa) during all stages of muscle dierentiation. In undierentiated myoblasts, a plectin antiserum recognizing both isoforms revealed a ®lamentous cytoplasmic staining, whereas in dierentiated cells an additional labeling was evident at the level of the sarcolemma. In particular, early myotubes displayed plectin in single or a few longitudinally oriented streaks. These structures were also positive for vinculin and b1-D-integrin and increased both in number and density upon further maturation. In mature myotubes, processes perpendicular to the increasing number of longitudinal structures became increasingly apparent. Subsequently, following the appearance of spontaneous myo®brillar contractions, the number of longitudinal streaks decreased considerably, especially in regions were plectin was found to colocalize with vinculin and b1-D-integrin in an orderly cross-striated sarcolemmal lattice. Our study demonstrates that plectin is a structural component of vinculin and b1-D-integrin positive primary longitudinal adhesion structures which herald the formation of costameres in human dierentiating skeletal muscle cells. ] in plasma increased to about 7 mmol/l after the ®rst interval and returned to values higher than 0.4 mmol/l above baseline during the resting period. The following exercise bouts caused [K + ] to increase to more than 5.2 mmol/l (P < 0.001). Tissue impedance increased during the ®rst two intervals and decreased afterwards (P < 0.001). IEMG was higher and the median frequency (MF) decreased (P < 0.001) at the end of each exercise bout. MF recovered almost completely during the rest period. Contraction speed decreased during exercise about 40% (P < 0.001) and increased again after the resting period. This recovery became smaller with each interval performed. The mean change in Mwave area and amplitude was about +8% (P < 0.005) comparing pre and post interval values. This increase rapidly disappeared after the exercise bout. The peak of the M-wave appeared later during the whole experiment (P < 0.001), but after each exercise but M-wave peaked 27% earlier than before (P < 0.002). from the sarcoplasmic reticulum through ryanodine-sensitive Ca 2+ release channels (RyRs). In most mammalian adult skeletal muscles, only one isoform (RyR1) can be detected. On the contrary, during embryonal development and in the ®rst weeks after birth, in addition to the Ryanodine Receptor type 1, the Ryanodine Receptor type 3 isoform is expressed in all muscles. RyR3 expression is observed in the ®rst weeks after birth and later on declines. As a consequence, in adult mammalian muscles, only Ryanodine Receptor Type 1 is found. An exception is represented by the adult diaphragm muscle, which coexpresses RyR1 and RyR3. More recently, we have studied the expression of RyR3 in rabbit muscles. In rabbit, all skeletal muscles are expressing RyR3 at 2 days and 15 days of age, while fewer muscles express this isoform at 4 months of age. However, as more muscles can be dissected in experiments with rabbits, we observed that in addition to diaphragm there are a few other adult skeletal muscles that express RyR3. These include massetere, pterigoideus, digastricus and tongue muscles. Experiments are being performed in order to understand the relationship between RyR3 expression and this group of muscles.
Primary longitudinal adhesion structures (PLAS
Calmodulin kinase interacts structurally and functionally with 23 kDa anchor protein in fast-twitch muscle SR E. DAMIANI and A. MARGRETH NRC Unit for Muscle Biology and Physiopathology, Department of Experimental Biomedical Sciences, University of Padova, viale G. Colombo 3, 35121 Padova, Italy
In mammalian skeletal muscle, the rate of relaxation is mainly governed by the sarcoplasmic reticulum (SR) Ca 2+ -transport system. Fast and slow muscle express distinct isoforms of SR Ca 2+ -ATPase, the SERCA2 and the SERCA1 isoform. SERCA 2 is closely associated to regulatory protein phospholamban (PLB) in its membrane environment. Phosphorylation of PLB by Ca 2+ -calmodulin (CaM) activated protein kinase II (CaM K), lying within the same membrane domain, disrupts the inhibitory interaction of PLB with SERCA2. The additional mechanism by which CaM K upregulates Ca 2+ -transport in slow skeletal and cardiac muscle, is through phosphorylation of SERCA2, which mechanism is isoform speci®c. The tight association of CaM K to SR membrane is not an exclusive property of such muscles, being also shared by rabbit fast-twitch muscle SR, even though this type of muscle does not express PLB. Targeting to the SR of CaM K to rat skeletal SR was shown to involve its interaction with anchor protein aKAP, which is encoded by a gene within the gene of the brain speci®c a-CaM kinase (Bayer et al., 1998, EMBO J 17: 5598±5605) . In this study we explored the co-localization of aKAP and CaM K in sucrose density puri®ed SR membrane fractions from rabbit and rat fast and slow muscle, using Western blot techniques. Immunostaining with a monoloclonal antibody to brain aCaM K identi®ed aKAP as a 23 kDa protein SDS±PAGE, in SR vesicles from fast but not from slow muscle. In contrast, antibodies to CaM K c and d subunits, ligand blot overlay with digoxigen CaM, as well as autoradiography of 32 P-labelled protein in the presence of Ca 2+ -CaM, identi®ed the protein kinase in both types of muscle. We used biochemical methods to examine the binding interaction between aKAP and CaM in fast muscle SR. CaM K was puri®ed by CaM-sepharose anity-chromatography from Nonidet-P40 extracts of SR membranes. CaM K bound to column in the presence of Ca 2+ and was eluted with EGTA also eluted aKAP. We also provide novel evidence that aKAP contains phosphorylation sites for CaM K.
Work supported by funds to A.M. Calcium release in skeletal muscle is under tight control of the plasma membrane voltage. This control results form an interaction between the calcium release channel (ryanodine receptor RyR1) in the sarcoplasmic reticulum and the voltage-sensitive subunit a1S of the skeletal muscle L-type calcium channel. The a1S subunit is associated with several accessory proteins including a c subunit (c1) that is speci®c for skeletal muscle. The tissue speci®city of c1 suggests a role in the calcium release control mechanism. We investigated this question by studying calcium release from the sarcoplasmic reticulum under voltage clamp conditions in myotubes of a c1-de®cient mouse. Myotubes were voltage-clamped in the whole-cell tight-seal con®gu-ration and ®lled via the pipette with an arti®cial intracellular solution containing 0.2 mM fura-2. Fluorescence signals and current-voltage relations were analyzed to obtain the voltage dependence of both Ltype calcium conductance and calcium release activation. Calcium release was activated at about 15 mV more negative potentials than conductance in both wildtype and c-/-myotubes. However, no significant dierence in the voltage dependence of the signals could be noticed between wildtype and knockout myotubes. These ®ndings make it unlikely that the c1 subunit of the DHP receptor plays a major role in the activation of calcium release in mouse skeletal muscle.
Intramembrane charge movement and slow calcium current are typically aected by cadmium and nifedipine in skeletal muscle of the frog F. FRANCINI, C. BENCINI, R. SQUECCO and C. To determine the number of cooperative units along the thin ®lament of rabbit psoas single muscle ®bers, we reduced the thin ®lament length by gelsolin in the presence of (mM:) 117 KCl, 4.25 MgCl 2 , 2.2 ATP, 20 MOPS, 2 EGTA, 1.9 CaCl 2 (pCa 5.0), 20 BDM, 2 leupeptin, and 0.8 mg/ml gelsolin at 22°C. The average time for 50% reduction in isometric tension was about 7 min. The pCa-tension relationship was measured at 22°C and at a varying duration of gelsolin treatment in activating solutions (mM) that contained 5.8 MgATP, 1.4 ATP, 6 EGTA/CaEGTA, 15 creatine phosphate, 11 Na propionate, 92 K propionate, and 10 MOPS (pH was adjusted to 7.0 and ionic strength to 200 mM). The pCa-tension curve was normalized to the maximum tension at pCa 4.66, and ®tted to the Hill equation:
n } to determine the half saturation point (K) and the cooperative (n). Our results demonstrate that (1) the cooperativity does not change much when the remaining isometric tension (at pCa 4.66) was in the range of 20±100%. The cooperativity quickly diminished when the remaining isometric tension was reduced to less than 20%. Our results further demonstrate that (2) the change in the pK value was minimal and remained in less than 0.2 in pCa unit (slightly less Ca 2+ sensitive) as the thin ®lament length was reduced. We infer from the ®rst observation (1) that not all 52 (=26´2) cooperative units along the thin ®laments are involved in the cooperative activation. We suggest that the thin ®lament cooperative unit extends up to 0.2 lm, which includes the maximum of about 10 (=5´2) tropomyosintroponin units. We infer from the second observation that the Ca sensitivity is slightly aected by the cooperative interaction between the neighboring cooperative units along the thin ®lament. The properties of junctional (using whole muscle) and total (obtained using homogenate) acetylcholinesterase (AChE) of white rate (Wistar) diaphragm muscle were studied. It is found that in homogenate 90% of acetylcholine was hydrolyzed by AChE and 10% by butyrylcholiesterase (BuChE), while in whole rat diaphragm these values were 67 and 33% respectively. The dierence between total and external activity was considered as the activity of junctional AChE. An increase of concentratiion of these substrates from 1 á 10 )3 up to 1.8 á 10 )2 M led to raising of the share of junctional AChE from 26 to 76%. Also the K i values for reversible inhibition of AChE by cholinolytic myorelaxants d-tubocurarine chloride, pancuronium and benzoquinonium were determined and found to be 1.5 á 10 )5 M, 9.3 á 10 )6 I Á and 2.5 á 10 )5 I Á respectively. We developed a new technique of junctional AChE activity determination in experiments on isolated rat phrenicnerve diaphragm preparation under indirect stimulation by the Ellman's method using acetylthiocholine in concentration 5 á 10 )5 I Á , which did not in¯uence on muscle contraction. The phrenic nerve stimulated with single supramaximal pulses of 0.1 Hz frequency in presence of myorelaxants during 3 min. All the myorelaxants investigated reversibly inhibit the activity of junctional AChE in concentrations within a range of their cholinolytic eect. The inhibition of junctional AChE did not exceed 30±60% along with the increase of myorelaxant concentration in 20±50 times. The cause of such atypical inhibition kinetics appears to be rising of endogenous acetylcholine amount in nerve-muscle junction and displacement of myorelaxant molecule from enzyme active surface. It was con®rmed by reliable decrease of AChE activity inhibition by pancuronium from 50 to 30% under nerve tetanization with frequency of 50 Hz. It is known that the Ca 2+ for contraction activation in vertebrate skeletal muscles enter the myoplasm for SR cistern through rhyanodine (Ry) operated Ca 2+ channels. Also, it is known that in dierent smooth muscles and in many kinds of nonmuscular cells, the IP 3 -operated SR channels play an important or predominant role in Ca 2+ out¯ow of intracellular storages, and that IP 3 liberation is controlled by activation of ACh receptors. In hi last decade appeared studies showing the existence of IP 3 receptors also in skeletal muscle cells (Hidalgo and Jamovich, 1989; Lopez and Terzic, 1996; Posterino and Lamb, 1998) . We examined the involvement of two kinds of intracellular channels responsible for contraction activation by Ca 2+ releasing from SR ± the RyR operated and the IP 3 R operated, in lamprey striated muscles, using the dierential blockers±tetracaine, Ba 2+ , or heparin (Palade et al., 1989). As we described earlier, the lamprey striated muscles possess the sings of low developmental level, particularly±the sensitivity to ACh of the whole extrasynaptic membrane (Itina and Skorobovichuck, 1967) . ACh on these muscles have been shown to evoke the contraction of greater amplitude and rate of development, then high potassium depolarization, in conditions of equal level of depolarization (Skorobovichuk and Nasledov, 1978) . We assumed that the response to ACh results in two steps: one elicit by depolarization itself, activating the DHPR ± RyR pathway, and the second ± by speci®c ACh action, presumably by ACh evoked IP 3 formation and Ca Revealing the role of the potential-dependent inward Na + current in contraction activation of phasic skeletal muscle ®bres (SMF; Nesterov et al., 1971±2000) and myocardium cells (MC; Leblanc and Hume, 1990; Lipp and Niggli, 1994) has opened the way to elucidate a general strategy of E-C coupling system rearrangement in the course of muscle specialization directed to the acceleration of discrete contraction. The conception about regular changing of pathways and mechanisms of Ca 2+ and Na + involvement in E.-C. C. processes during muscle contractile function progressive evolution is presented. On the generalized scheme it is shown, that a direct activation of intracellular protein eectors by extracellular Ca 2+ (in very slow contracting smooth muscles) is replaced with the indirect mechanisms Ca 2+ -, then Ca 2+ -and Na + -induced (mammalian MC, for example), and in SMF of vertebrates ± Na + -induced Ca 2+ release from the intracellular depot ± SR. We have concluded that just I Na use for supramaximal intracellular Ca 2+ mobilization has ensured acceleration of discrete muscle contractions, the most complete pulse control of SMF phasic contractions by CNS and protection of these contractions from an undesirable peripheral in¯uences.
An interrelationship between the ®sh motility and peculiarities of skelatal muscle glycogenolysis control T.P. SEREBRENIKOVA, V.K. SHMELEV and V.P. NESTEROV Sechenov Institute of Evolutionary Physiology and Biochemistry of RAS, Thorez pr. 44, 194223 St Petersburg, Russia Glycogen in muscle tissue of ®shes is a main substrate used on the initial stages of muscle contraction. Peculiarities of glycogenolytic enzymes±glycogen phosphorylase (GPh, EC 4.2.1.1) and kinase of glycogen phosphorylase (KGPh, EC 2.7.1.3) activation depending on character of the ®sh motility are unsuciently investigated. A question about a relative role of ionic and hormonal ways of KGPh activation in ®sh muscles remains in discussion. Properties and interaction of ®sh muscle GPh with homogeneous KGPh of a rabbit skeletal muscle as well as enzymes activation in conditions of ®sh swimming have been investigated. We have not observed the increase of total activity KGPh as it has occurred during muscle contraction at other classes of vertebrate. At the same time we have found the increase of KGPh activity index (ratio of activities at pH 6.8 and 8.2) after swimming of two species of ®shes ± Trachurus mediterraneus ponticus (®sh with high motility speed) and Diplodus annularis (®sh with median speed). It leads us to conclusion that ionic regulation of glycogenolysis in ®shes plays probably main role, though in some cases hormonal activation of KGPh also can take place. It is interesting that another ®sh ± Scorpaena porcus wich can realise a powerful moving during short time period contains fully activated form of KGPh in resting skeletal muscles. This can provide very fast activation of the glycogenolysis in response to Ca 2+ release in myoplasma during a rush swimming. Moreover we have isolated from muscle tissues of Scorpaena porcus and Salmo trutta Linne morpha additional fractions of GPh with properties intermediate between GPh a and GPh b. The last may testify a presence partially phosphorylated form of GPh ab in resting muscles. We have concluded that the formation of activated forms of glycogenolytic enzymes is determined by motility type of ®sh species and provides a possibility of fast and sensitive regulation of glycogenolysis by cations and cell metabolites.
A study of the interactions between troponin C and its isolated domains with skeletal troponin T and C-terminal truncation mutants of troponin T R.S. SWANWICK and I.P. , which cannot be measured using ITC under these conditions. The interactions between skTnC and skTnT were further investigated using C-terminal skTnT truncation mutants and ITC. The importance of the C-terminal ten residues of skTnT in skTnC and skTnC N-domain binding is suggested, as an approximate ®ve-fold drop in anity is observed upon their removal. A subsequent removal of 10 residues of skTnT has no observable eect, whilst the removal of another 10 residues leads to an additional three-fold decrease in anity for skTnC and skTnC Ndomain. In contrast, isolated skTnC C-domain does not respond to the removal of these C-terminal 30 residues, implying any interactions in this region is occuring with skTnC N-domain. The binding of skTnC and its isolated domains to skTnT exhibit a degree of calcium sensitivity when both binding constants (Ka) and enthalpy of binding (DH bind ) are measured. These results also suggest that the C-terminal region skTnT2 interacts with the TnC N-domain and thus may form part of the signal transduction pathway. This work was supported by The Wellcome Trust.
Eects of dantrolene on sarcoplasmic calcium release in rat skeletal muscle ®bres P. SZENTESI 1 ) in the peak of SR permeability. To further explore the site of action of dantrolene on the ryanodine receptor (RyR) heavy SR vesicles were isolated from rat skeletal muscle. Dantrolene inhibited the calcium leak from the vesicles, while the calcium uptake was not aected by the drug. These experiments show that dantrolene suppresses SR calcium release in mammalian skeletal muscle ®bres. This eect is due, presumably, to the decreased ability to open the RyR in the presence of the drug. Since both the inactivating peak and the steady level of R rel were aected by dantrolene our observation suggest that there is a tight coupling between these kinetic components of SR calcium release in mammalian skeletal muscle.
This The L-type calcium channel of skeletal muscle has a second function as a voltage sensor for the control of calcium release from the sarcoplasmic reticulum. The channel protein is a heteropentameric complex consisting of the subunits a1, a2, b, c and d. The skeletal muscle c subunit (c1) is highly tissue speci®c and might therefore play a crucial role in muscle function. To investigate this question, we studied contractile properties of isolated muscles from a transgenic mouse de®cient of the c1 subunit (c)/)) in comparison to wildtype muscles (c+/+). Isolated extensor digitorum longus (fast twitch) and soleus muscles (slow twitch) were stimulated by supramaximal electrical shocks using extracellular electrodes. Amplitude and time course of twitches and tetani as well as force-frequency relations of c+/+ and c)/) muscles were compared. In addition, contractions of the two types of muscles were studied during stimulation procedures leading to fatigue. No signi®cant dierences in the contractile behaviour between control and knockout muscles could be detected. Thus excitation±contraction coupling in normal and fatigued slow and fast twitch muscles of the mouse seems to be independent of the presence of the c1 subunit. Malignant hyperthermia is an inherited skeletal muscle disorder triggered by commonly used anaesthetic agents. The MH syndrome is characterized by accelerated metabolism, skeletal muscle rigidity, and rapidly rising body temperature. Molecular genetic studies suggest that about 50% of human MH mutations are located in the gene that codes for the ryanodine receptor (RyR), the SR Ca 2+ release channel. 4-chloro-m-cresol (4cmc) is a potent Ca 2+ releasing agent and is thought to exert its eect via the RyR. Mutated MH RyRs show a higher sensitivity against 4cmc than normal channels and it was considered that 4cmc could replace or complement caeine in the in vitro contracture test (IVCT) to reduce the number of equivocal test results (MHEH, MHEC). To test if 4cmc is a promising candidate to improve the IVCT, we challenged dierentiated primary human skeletal muscle cells with dierent concentrations of 4cmc and measured the Ca 2+ release with fura2 photometrically on the single cell level. The cell cultures were derived from patients diagnosed MHS, MHN and MHEH and dose response curves for 4cmc and caeine were assessed. We compared the 4cmc and caeine sensitivity of the respective groups and found that MHS specimens showed higher sensitivity against 4cmc and caeine, whereas cells of the MHN group expectedly showed lower sensitivities against these compounds. Cells of patients diagnosed MHEH had low sensitivity against caeine, comparable to those of the MHN group but also showed only slightly increased sensitivity against 4cmc. We therefore conclude, that 4cmc is not an appropriate substance to substitute for caeine in the IVCT. Until recently thick ®laments have been assumed to be essentially inextensible. Previous assessments of thick ®lament stiness have been indirect. Here we use novel nanofabricated cantilevers to directly measure the force-elongation properties of single synthetic vertebrate thick ®laments. Cantilevers are ideal for these experiments: force ranges are form pico-to nano-newtons; specimens can be visualized during the experiment; and attachment surfaces are in the same plane as the ®lament. Thick ®laments were suspended between two cantilevers and stretched. With stretch, stiness increased gradually at ®rst, then after several hundred piconewtons became nearly constant. Under maximum physiological loads ®laments elongate several percent. Some hysteresis was present: 88 5% of the elastic energy stored in the ®lament during stretch was returned during release. Rate of stretch had little or no eect on force-elongation behavior. Thick ®lament forceelongation curves were compared with published X-ray diraction data replotted as tension vs. Bragg spacing of the third meridional re¯ection during activation, stretch and relaxation. Close agreement suggests, contrary to common interpretation, that observed changes in the myosin X-ray re¯ections largely re¯ect changes in length of the thick ®lament backbone. The ®nding of elasticity in the thick ®lament is important because it aects the interpretation of mechanical experiments and inferences drawn on the molecular mechanism. Skeletal twitch muscle ®bres respond with a short twitch contraction upon activation of the ec-coupling process caused by an action potential. As shown previously, similar contractions can also be elicited when using the Two-Micro-Electrode-Voltage-Clamp technique (2-MVC) on enzymatically isolated short murine toe muscle ®bres under isotonic conditions (Friedrich et al., 1999, J Physiol 517.3). The speed of shortening during a twitch contraction is critically dependent on the external load imposed on the ®bre, which was extensively investigated using force±velocity relationships (e.g. Edman and Caputo, 1997, J Physiol 503). The unloaded speed of shortening, which mainly includes internal cross-bridge kinetics and possibly passive spring elements was investigated so far by extrapolation of force±velocity relations or by the slack-test method (e.g. Westerblad et al., 1997, J Physiol 500) which assumes isovelocity stages during contraction. A direct measure of the unloaded speed of shortening during the whole time course of contractile shortening would therefore provide important information about the behaviour of internal contractile and elastic elements in physiologically intact muscle cells.
Sensitivity
Thus, we used the 2-MVC to fully activate single ®bres by a depolarization to 0 mV. The optical ®bre length was simultaneously recorded with both a video camera at 50 Hz (Friedrich et al., 1999, J Muscle Res Cell Motil 20: 90) and a CCD-line scan device at 500 Hz. To ensure maximal calcium activation of the contractile apparatus during a one second lasting depolarization Ca 2+ -in¯ux into the ®bre was allowed from a 10 mM external Ca 2+ solution in addition to the calcium release of the SR. To quantify the Ca 2+ entry Ca 2+ currents (I Ca ) were measured and correlated with the shortening. Experiments were performed at four dierent temperatures between 10 and 30°C.
The mechanical activation of shortening was best ®tted by a sum of two exponentials with time constants s 1 and s 2 where s 1 represents a fast process (50±100 ms) which shows no signi®cant temperature dependence (P > 0.07) both when evaluated from the video data and the line scan data and s 2 is a strongly temperature dependent process (P < 0.037). We found, that the maximum speed of shortening (v u ) is only correctly determined when using the line scan method for temperatures above 10°C. In intact toe ®bres v u was determined to about 13.5 L 0 s )1 at 20°C with a Q 10 of 2.3 between 10 and 20°C and did not further increase upto 30°C. Interestingly, these v u values were considerably higher than those found in mammalian EDL muscle ®bres determined form force±velocity relations (Ranatunga, 1984, J Physiol 351) or with the slack-test method (Westerblad et al., 1997). With our method we were also able to calculate the maximum shortening acceleration which was about 2000 L 0 s )2 for temperatures above 10°C and which obviously cannot be measured with slack-tests involving isovelocity phases. Our data on the contractile shortening process could be approximated by a mechanical model based on a Voigt-element and a series elastic element.
From our ®ndings we conclude that the contractile shortening with a maintained membrane potential depolarization in high Ca 2+ external solution can be described by an initial fast and a following slow exponential process probably re¯ecting the in¯uence of inertia and a change in overall ®bre elasticity.
The interference ®ne structure of the axial X-ray diraction pattern from frog muscle ®bres in isometric contraction and rigor The conformations of the myosin heads at the plateau of the isometric tetanus (T 0 ) and in rigor (single frog muscle ®bres at 4°C and sarcomere length $2.1 lm) were investigated by determining the changes in the interference ®ne structure of the third order myosin meridional re¯ection, M3. High-resolution X-ray diraction patterns were recorded at ID2-SAXS (ESRF, France) on A3 image plates placed at 10 m from the ®bre. At T 0 the M3 re¯ection was split into two peaks at 14.47 nm (HA) and 14.67 nm (LA). The intensity of the HA peak was 84 6% (mean SD, four ®bres) of that of the LA peak; the centroid of the re¯ection was at $14.57 nm. In rigor at zero tension there was a main peak at 14.40 nm and a satellite (29 2%, ®ve ®bres) at 14.60 nm; the centroid was at 14.44 nm. The total intensity of the re¯ection (I M3 ) was 14% of its value in an isometric tetanus. A slow stretch that increased the tension to 50% of that in the isometric tetanus (T 0 ) increased I M3 to 20% of that at T 0 , and the re¯ection consisted of a single peak at 14.46 nm. These results can be simulated with a structural model of the sarcomere in which: (1) the whole myosin ®lament is 0.97% shorter in rigor than at T 0 ; (2) in rigor the light chain or neck domain of one head of each myosin is oriented as in Rayment et al. (Science 1993, 251: 50±58) , and the other binds to the next actin monomer with its neck tilted 30°more towards the ®lament axis; (3) at T 0 the neck is tilted by $40°from the Rayment et al. orientation towards the perpendicular to the ®lament axis; (4) stretching ®bres in rigor produces a small tilt of the neck and increases the orientational dispersion.
Supported by CNR, MURST (co®nanziamento), Telethon, EMBL.
Rat papillary muscles performing contractions with sinusoidal length changes are less ecient than muscles performing afterloaded isotonic contractions L.J. MELLORS, C.L. GIBBS and C.J. BARCLAY Department of Physiology, Monash University, Wellington Road, clayton, Victroia, Australia
Many studies of cardiac muscle energetics have used isolated papillary muscles performing afterloaded isotonic contractions [1] . This type of contraction is not ideal since the muscles perform no net work and the pattern of length changes during the contraction series is unrealistic. Recently, sinusoidal length change protocols have been developed in an eort to mimic in vivo length changes more closely [2] . In this type of contraction, with appropriate timing of stimulation and length changes, muscles produce net work during a full length change cycle. In studies using afterloaded isotonic contraction protocols, maximum eciency has typically been in the range of 20±25% [1] . In constrast, maximum eciency was lower ($15%) when a sinusoidal length change protocol was used [2] . This study aimed to determine whether the dierence in eciency values was related to the pattern of length changes or to the frequency and number of contractions in series. Papillary muscles were dissected from adult male rates and mounted on a thermopile. Force, change in muscle length and change in muscle temperature were measured simultaneously. Enthalpy and work output were used to calculate mechanical eciency. This study found that the net mechanical eciency of papillary muscles performing after loaded isotonic contractions was not aected by either the number of contractions in series or the contraction frequency. Further, the current results con®rm that the maximum eciency of papillary muscles performing isotonic contractions is greater (>20%) than that when performing sinusoidal contractions (<15%). Possible reasons for the dierence in eciency between these contraction types are considered including the eect of series elastic compliance and the assumptions underlying the isotonic method.
force microscopy. -activation after a peroid of unloaded shortening generated by releasing/restretching the myo®bril by each 20% of its length. This suggests that k act is mainly rate-limited by cross-bridge turnover kinetics as k redev and not in addition signi®cantly rate-limited by the Ca 2+ -induced activation of the regulatory system. Upon relaxation (changing [Ca 2+ ] from partially or fully activating levels to fully relaxing levels) force decayed biphasically by a slow initial linear phase (rate k lin ) lasting for a time t lin suddenly followed by a rapid exponential decay. t lin increased form »40 ms at initiating relaxation from pCa 5.8 to »120 ms at initiating relaxation form pCa 4.5. k lin was independent of the [Ca 2+ ] during activation within experimental error (0.6 0.3 s )1 ). t lin was greatly reduced by small sretches (1±2% of myo®brillar length) applied immediately after the solution change. The coincidence of k lin with the values of k act and k rel at low Ca 2+ -activation and the truncation of the linear lag phase at non-isometric conditions suggest that k lin may re¯ect isometric cross-bridge turnover kinetics with near-relaxing values, i.e. the regulatory system may be already switched o during most of the time of the linear phase. Thus, the delayed initiation of the rapid exponential phase primarily results form the stretching component of a break-down in isometricity rather than from slow deactivation.
Supported by koÈ ln Fortune #10/2000 and the DFG Graduiertenkolleg. Fuzzy logic provides a basis for representing uncertain knowledge and forming a basis for human reasoning represented in many medical bioengineering applications. This application proposed, with fuzzy logic, a control sample on recording exercise ECG, simple and easy to set by physician. This solution has been adopted because of great diversity of patients (dierent by weight, age, disease). At the same time, this solution is more¯exible in point of exercise programs imposed by the physician. The system is desired to be applied and tested on treadmill moving by a c.c. motor drive supplied form a.c. source with an monophasic recti®er. Initially the motor speed has changed by modifying the power supply of the motor. Depending on the person's weight who sits on the treadmill the motor resistant couple modi®es and implicit the motor speed. For this reason the use of a control loop is imposed in order that no matter what the patient's weight is the treadmill speed is exact the physician's prescription value. The solution that we chose is to supply the c.c. motor with an commanded recti®er, the average voltage (voltage that supplied the c.c. motor) can be changed modifying the thyristor command angle. The output variable from fuzzy controller after defuzzi®ng is to be applied to the thyristor D.C.G, to obtain the wished eect. Fuzzy control system has two input variables. The ®rst is the patient's weight who has three linguistic attribute (small, medium, big) and the second linguistic variable is the patient pulse with three linguistic attribute (normal, big, very big). For the output variable ± command angle ± we select three linguistic attribute, too (small, medium, big). The system has been simulated on the computer to establish a rule table and an optim exercises program and we hope to make the real system in a short time.
Fuzzy logic application in function testing
Temperature dependence of contratile properties of isolated ilio®bularis muscles of Xenopus laevis T. DAMM, U. GAUNITZ and G. ASMUSSEN Carl-Ludwig-Institute of Physiology, University of Leipzig, D-04103 Leipzig, Germany An experimental equipment was developed to study mechanical properties of isolated muscles under isometric or isotonic conditions, respectively. The ilio®bularis muscles of Xenopus laevis were isolated, curarized and investigated in vitro via direct`massive' stimulation (0.1 ms). This short time duration stimulates probably the three dierent fast ®bres only. The isometric parameters of the single twitch (force, contration-and half-relaxation-times), and fused tetanic contractions (force, half-tetanus-rise-and -fall-times, fusion frequency) were determined at temperatures of 5, 10, 15, and 20°C. The force± velocity-relation and the constants of HILL's equation (V max , a/P 0 ) were calculated from controlled release experiments by a non-linear regression or by a linearization of the hyperbola (P/P 0 < 0.5). Furthermore, the maximum shortening velocity (V 0 ) was also estimated by the slack-test, measuring the time or redevelopment of tension after a sudden release of dierent lengths. Data obtained by the last method are always 10±35% higher than those obtained by HILL's equation. This result support the idea, that HILL's equation gives an overall estimation of the shortening velocity of the whole muscle composed by dierent muscle ®bre types, whereas the slack-test measures the fastest ®bres (or cross-bridges) only. With decreasing temperatures the twitch and tetanic force parameters decreased and the time parameters were prolonged. But, the twitch-tetanus ratio was unchanged. V max , the velocity constant b, and V 0 were decreased by falling temperature, however, a/P 0 was nearly unchanged. A comparison of our data with those obtained form single ®bres are in good agreement.
The eects of nitric oxide on functional activity of cardiac contractile proteins V.M. DANILOVA, L.I. PELUKH, V.S. BABIYCHUK, V.S. OMELYANUK and V.S. TREGUBOV Institute of Physiology, Taras Shevchenko Kiev University, Volodymirska str. 64, 01033 Kiev, Ukarine
Recently it has been revealed that such physiologically important intracellular messenger as nitric oxide (NO) is capable of producing inhibitory eect both on the mechanical properties and myo®brillar adenosine triphosphatase (ATPase) activity of skeletal muscle (Galler et al., 1997, P¯ugers Arch 434(3): 242±245). However, the detailed mechanism of NO action is not yet known. To investigate the mechanism of NO function in muscle contraction, we used puri®ed myo®brils, actomyosin and myosin obtained from bovine cardiac muscle. We found that NO donars such as sodium nitroprusside which produce physiologically relevant free NO concentrations, caused a decline in the ATPase activity of myo®brils, actomyosin and myosin from 30 to 70%. What is more the extent and the velocity of cardiac actomyosin superprecipitation also depressed depending on NO concentration. This eect is not mediated by cGMP on account of our experimental conditions: we used Triton X-100 in our puri®cation protocols. Therefore No synthase, the specic enzyme responsible for NO generation, which associated with the cell membrane it should not be present in our preparations. Our data suggest that NO interacts directly with contractile proteins and the inhibition of their ATPase activity can be a physiologically important mechanim of NO eect in cardiac muscle. Worthington and Elliott (1996, Int J Biol Macromol 18: 123±131) showed how energy-input data can be used to compute the distance moved by one actin ®lament past one myosin ®lament for the consumption of one molecule of ATP. They also showed how to derive Hill's classical force-velocity equation from physical ®rst-principles, postulating an impulsive acto-myosin force working against viscous resistance between the actin and myosin ®laments (this developed ideas put forward by Worthington, 1962 . These concepts were used by Elliott and Worthington (1997, Int J Biol Macromol 21: 271±275) to explain puzzling biochemical measurements of the ATP usage by contracting myo®brils (Lionne et al.; 1996, Biophysical J 70: 877±895) . Recently the necessary viscous characteristics were elucidated (Elliott and Worthington, 2000, Int J Biol Macromal, in press) and shown to be in reasonable agreement both with current experimental data and with the constraints of life at low Reynold's numbers (Purcell, 1977 , Am J Physics 45: 3±11) Apart from the viscous characteristics the most important parameter of this approach is the impulse time (Dt) for the contractile event. This was ®rst calculated to be in the millisecond time range (Worthington and Elliott, 1996, loc cit), but later, with some reluctance, the estimate was revised into the sub-microsecond range (Elliott and Worthington, 2000, loc cit). Current work extends the impulsive model to derive a torque-speed relationship for rotary motion. This relationship appears to be a close ®t to the experimental data (e.g. Berg, 2000, Phil Trans Roy Soc B 355: 499±501).
Eect of Mg
2+ on contractile properties of skinned rat heart preparations S. GALLER and E. PUCHERT Institute of Zoology, University of Salzburg, Hellbrunnerstrasse 34, A-5020 Salzburg, Austria
We have studied the eects of physiological free Mg 2+ concentrations on contractile properties of maximally Ca 2+ -activated myo®brillar bundles at saturating MgATP concentration. The preparations were obtained from hyper-and hypothyroid hearts of rat. When the free Mg 2+ concentration was increased from 0.4 to 1 mM, the kinetics of stretch-induced delayed force increase (stretch activation) was slowed down in preparations which are known to contain the fast cardiac myosin heavy chain isoform a-MHC, i.e. atrial preparations of both hypo-and hyperthyroid rats and ventricular preparations from hyperthroid rats. The time to the peak of delayed force increase (t 3 ) in 0.4 and 1 mM Mg 2+ was (mean SD ms) 122 48 and 178 97 and (n = 9) in hyperthyroid atria, 108 12 and 142 16 (n = 7) in hypothyroid atria, and 142 44 and 199 95 (n = 25) in hyperthyroid ventricula, respectively. There was no signi®cant change observed in hypothyroid ventricula which is known to contain the slow myosin heavy chain isoform b-MHC. The shortening velocity of myo®brillar preparations was signi®cantly aected by Mg 2+ only in hyperthyroid atria. In these preparations, the velocity of shortening at a load of 10% of maximal Ca Transgenic mice are powerful tools to study interaction of mechanical functioning and skeletal muscle energy metabolism. To assess in intact mice relevant dynamic contraction parameters of the ankel¯exors and extensors, we have developed a mouse dynamometer. An anaesthetised mouse was ®xated via the hip to a thermostatic platform (38°C). The foot was cast in two-component cement and connected to the servomotor shaft of the dynamometer. The shaft angle, and hence the ankle angle, can be varied sinusoidally (frequency: 1±25 Hz, amplitude: )45°to +45°) Shortening and lengthening contractions of the dorsal and plantar¯exors can be accomplished in the physiological range, i.e., walking to a¯at-out gallop. Shortening contractions of the plantar and dorsal¯exors of wild type C57/b16m mice (n = 4) were ®tted to a hyperbola described by the Hill equation, and characterised in terms of isometric torque (T o ) peak power (P max ), contraction velocity at maximal peak power (V opt ), and the maximal shortening velocity (V max ). T o amounted to 10.9 2.3 mN m and 2.1 0.1 mN m for the plantar and dorsal¯exors, respectively, P max was 177 29 and 274 19 W kg )1 muscle mass for the plantar and dorsal¯exors, respectively. V opt and V max for the plantar¯exors were 700 90°s )1 and 2580 180°s and 3920 380°s )1 for the relatively more fast-twitch dorsal¯exors. The magnitude of the maximal tetanic torque during lengthening contraction for both muscle complexes was 1.4 0.1 times T o . These data indicate that dynamic contractile properties of skeletal muscle can be reliably and accurately measured in the intact mouse. Recent studies suggest that domain movements in myosin head play a decisive role in the energy transduction process of muscle contraction. During hydrolysis of ATP the small nucleotide-induced conformational change in the motor domain is converted into larger movement in the light-chain binding domain producing the powerstroke. We studied in muscle ®bres the orientation dependence and the motion of maleimide spin labels attached to Cys-177 of ELC during an in situ spin labelling procedure. The spin-labelled S-1 was diused into glycerinated muscle ®bres. The distribution and motion of spin labels in muscle ®bres in dierent intermediate states (rigor, ADP-state, ATP.V i state) were measured by EPR. The EPR spectra of probe molecules depended strongly on the orientation of the ®bre axis relative to the magnetic ®eld, indicating that the ELC and the neck were ordered. Nucleotides (ADP, ATP) and orthovanadate aected the hyper®ne splitting and the angular spread of the probe distribution without changing the probe motion. The increase of the hyper®ne splitting in parallel orientation gave evidence of a change of the ELC orientation. In the presence of ADP and orthovandate the intensity of the specta decreased, showing the dissociation of S-1, and this was accompanied with the disappearance of the orientation dependence. We have used two methods to study force exerted by myosin on single actin ®laments. A load can be imposed on actin ®laments moving in the in vitro motility assay by including an actin binding protein bound to the siliconized cover glass with the immobilised HMM. The concentratin of a-actinin needed to stop all ®laments moving (thè retardation index', 0.8 lg/ml with actin) was very consistent both within and between experiments and was used as a measure of relative isometric force. We have shown that the retardation index is proportional to the isometric force of the actomyosin interaction by determining the eect of phosphate. 10 mM phosphate reduced retardation index and isometric tension by 50%. Using this technique we have observed that cardiac and smooth muscle tropomyosin increase force threefold and interpret this as being due to recruitment of more active crossbridges.
Nucleotides induce changes in orientation distribution
To measure the force directly we attached actin ®laments to 2.7 lm diameter magnetic beads as described by Tregear et al. (1993, J Muscle Res Cell Motil 14: 412±415) . Using a neodymium permanent magnet with a conical shaped pole-piece forces upto 30 pN/bead could be applied to beads inside a conventional motility assay cell. Force depends on the distance of the magnet from the magnetic bead and is varied by mounting the magnet on a computer-controlled micromanipulator. The force exerted on the magnetic beads is calculated from their speed of movement in 60% glycerol using Stoke's law.
Dynabeads M-270 Carboxylic Acid were activated with EDAC and conjucated to gelsolin-actin as described by Suzuki et al. (1996, Biophys J 70: 401±408) ; rhodamine-phalloidin (/) labelled actin ®laments were then polymerised onto the gelsolin-actin. We devised condition which gave us beads with one or a few actin-/ ®laments up to 8 lm long attached. In an inverted¯uorescence microscope these Ôbead-tailed' ®laments were observed to bind to surface coated in a-actinin (1 lg/ml) or heavy meromyosin (100 lg/ml). In the presence of ATP the beads were pulled cross the HMM surface at speeds up to 6 lm/s. When the magnet was brought close the beads were attracted towards the magnet. We determined individual bead-tailed ®lament speed and length and the force was determined from the speed of free magnetic beads included in the motility cell. From this data a force/lm ®lament length vs velocity relationship may be determined, together with a value for isometric force exerted by single ®laments.
Experimental modulation for muscle skeletal dystrophy R.M. ISAC, C.M. DUJA, I.D. CARUNTU, C. SRATONE, R. CIORAP and F.I. TOPOLICEANÙ Gr. T. POPA' University of Medicine and Pharmacy Iasi ± Medical Bioengineering Faculty, Strada Universitatii 16, 6600 ± Iasi, Romania
We have investigated the in¯uence of Testosterone on extensorum digitorum longus (EDL) and soleus (SOL) normal and denervated muscle, or Wistar female rats. Removing a 0.5±1 mm segment of the sciatic nerve just distal part of posterior limb performed the surgical denervation. The animals have been treated with testosterone in two dierent doses (Testo 1 = 0.31 mg/100 g body weight/day and Testo 2 = 0.62 mg/100 g body weight/day). Histological section performed through these muscles, shown important changes after 2 weeks of denervation and 4 weeks of testosterone administration in above speci®ed doses. Biomechanical parameters were modi®ed on dierent dose-dependent manner of testosterone and muscle types. After mechanical analysis a part muscle were used for histological analysis and other part for biochemical analysis intend to ®nd modi®cation in MHC isoforms. We conclude that Testosterone modi®ed biomechanical parameters and produce some changes in MHC isoforms on SOL and EDL (denervated and controlateral) in a proportional manner with doses.
Eect of temperature on the elementary steps of the cross-bridge cycle in rabbit soleus slow-twitch muscle ®bers MASATAKA KAWAI and GANG WANG Department of Anatomy and Cell Biology, College of Medicine, The University of Iowa, Iowa City, Iowa 52242, USA Elementary steps of the cross-bridge cycle in slow-twitch ®bers from rabbit soleus was studied in the temperature range 5±37°C by sinusoidal analysis. Isometric tension increased steeply in the range 5±20°C, less steeply in the range 20±30°C, and saturated at 30±37°C. The eect of MgATP and phosphate were studied, and the temperature dependence of the kinetic constants was deduced in the range 20±37°C. The MgATP association constant decreased when temperature was elevated, indicating rate constants of ATP-isomerization and cross-bridge detachment steps had Q 10 of about 3, hence their equilibrium constants changed little with temperature. Q 10 of the force generation step was 6.2 and largest; Q 10 of its reversal step was 2.5, hence its equilibrium constant increased signi®cantly with temperature. The temperature eect of the force-generation step was ®tted to the modi®ed Van't Ho equation to deduce DH°(73 kJ/mol), DS°(250 J/K/mol), and DC p°( )12 kJK/mol). These results indicate that the force generation step is an entropy driven, endothermic reaction. A large negative DC p indicates a burial of large surface area. These observations are consistent with the hypothesis that the hydrophobic interaction between residues of actin and myosin and between residues of myosin head underlies the mechanism of force generation. An alternative mechanism is a helixto-coil transition that results in the force generation. The phosphate association constant changed little with temperature. An increase of isometric tension with temperatures was explained by the increased number of cross-bridges in tension generating states.
Eects of endurance training and hindlimb suspension of ®bre type transition and action potential conduction velocity in rat soleus muscle N. KHIDER, F. CANON and D. GAMET UniversiteÂ de Technologie de CompieÁgne. DeÂpartment de GeÂnie Biologique CNRS-UMR6600. 60200 CompieÁgne, France Classically, a relationship between action potential conduction velocity (APCV) and muscle ®bre type is reported. The aim of this study is to investigate and con®rm the relationship between APCV and myotypology according to muscle adaptations induced by rat hindlimb suspension or by endurance training. Three groups of rats were de®ned: C group (n = 10) with control rats, S group (n = 10) with 3 weeks hindlimb suspended (HS) rate and E group (n = 21) with 5 weeks endurance trained (ET) rats. Isolated soleus muscles were tested by using maximal electrical stimulations at 2 Hz frequency of the sural never during 1 min. From each stimulation two elicited Mwaves (Ms) were detected in monopolar mode, using a speci®c device consisting in two parallel electrodes distance by 2.54 mm. Mean APCV was computed as the ratio between the electrode distance and the time delay between Ms. Additionally, the muscle ®bre type composition was determined by a classical histochemical method. HS changed soleus muscle ®bre type composition from a predominantly slow composition (C group: I = 81.5 1.28%; II A = 16,53 1.13%; II C = 1.94 0.5%) to a composition with similar proportions between fast ®bres and slow ®bres (S group: 1 = 49.7 1.3%; II A = 29.18 1.6%; II C = 21.11 1.51%). On the contrary, ET increased slow ®bre proportion (E group: I = 91.73 1.56%; II A = 6.22 1.17%; II C = 2.05 0.5%). Mean initial APCV values were signi®cantly dierent (P < 0.05) between C group and S group (C group = 3.19 0.23 m s ). This could be interpreted by an histochemical adaptation of soleus muscle which is more important than changes in APCV despite a 5-week training. However, APCV seems to be more sensitive to a HS induced increase in fast ®bre proportion than to a moderate increase in slow ®bre proportion after ET. The physiologic aspects and functional abilities of cleft palate musculature have a decisive in¯uence on the eectiveness of presurgical treatment and intravelar surgical reorientation of the abnormally inserted muscles. To our knowledge, there are no information about enzymatic equipment and activity of muscle ®bres in cleft palate velopharyngeal musculature. Aim of this study was to classify the muscle ®bres from muscles near the cleft palate by cytophotometrical measurements of enzyme activities. Two groups of palate clefts were compared: combined cleft lip and palate and isolated cleft plate. The experiment was performed as follows: Biopsies were removed from the palatal cleft margin of 11 patients with cleft palate undergoing primary palatoplasty. The average age of patients was 10 months. Muscle samples were frozen in liquid nitrogen. The investigations were performed on cryostat serial cross sections. The muscle ®bres were typed by measuring the activities of myo®brillic adenosine triphosphatase (ATPase), glycerol-3-phosphate dehydrogenase (GPDH) and succinate dehydrogenase (SDH) in one and the same ®bre, detected in serial cross sections. The ®bre type-related expression of nitric oxide synthase (NOS)-isoforms I, II, III was also studied using¯uorescence immunohistochemistry. The analysed muscles were composed of ®ve ®bre types. Additionally to the four ®bre types which occur in normal skeletal muscles (SO, FOGI, FOGII, FG), we found a ®bre type in muscles of both groups of palate clefts which is not present in normal skeletal muscles. The ®bres of this type have no or only very weak ATPase. GPDH and SDH acivities and may be slow-toinic ®bres. They show high expression of NOS II. Dierences in enzyme activities were measured between the two types of cleft palate. The muscle ®bres from patients with combined cleft lip and palate have lower GPDH and SDH activities than muscle ®bres from patients with isolated cleft palate. The mice lines used were selected for 67 to 69 generations for high protein amount (DU-6P), high open ®eld activity (DU-hof), high treadmill (DU-hTP), or low treadmill performance (DU-ITP). The line Ks was maintained unselected for 98 generations. Only females were used at 42 days of age. One group of each line was investigated without exercise (Con), another had to run 500 m (group 500 m), and a third had to run until exhaustion using a standard experimental plan of a treadmill test. In Con mice the rate of Ca 2+ uptake of m. rectus femoris homogenates was lowest in Ks and the highest in Du-hof mice. The SR-Ca 2+ ATPase activity of Con muscle was higher in DU-6P than in Ks with no signi®cant dierences between the other mice lines. Generally there was a reduction in the rate of Ca 2+ uptake in the muscle of exhausted mice compared to control mice with reductions of 17. 1, 12.0, 36.3, 21.8 and 28 .5% for DU-6P, Ks, Du-hof, Du-hTP, and DU-ITP, respectively. However, only in the mice lines DU-hof, DUhTP, and DU-ITP these reductions attained statistical signi®cance. Signi®cant dierences between Con and the group 500 m could only be seen in DU-hTP. An eect of exercise on Ca 2+ ATPase was only detected in DU-hof with increased values after exhaustive run. The hypothesis, that alterations in Ca 2+ uptake in muscle of mice selected for high activity or high running performance are lower than in mice not selected or selected for low performance could not be veri®ed.
Eect of exercise on
Is the regulation by stretch of the Ca 2+ sensitivity of myo®laments in cardiomyocytes only controlled by the inter®lament lattice spacing? A. LACAMPAGNE, C. CANTOS and G. VASSORT Physiopathologie Cardiovascularie, INSERM U-390, CHU Arnaud de Villeneuve, 34295 Montpellier, France
Contractile function of the heart in under a tight control of the preload as stated in the Frank±Starling law. At the cellular level, an increase in sarcomere length results in an increase in Ca 2+ sensitivity of myo®laments. Among various hypothesis developed to interpret this mechanism, it has been postulated that stretch exerts longitudinal and transversal constraints. The resulting decrease in cell diameter during stretch reduces the distance between actin and myosin such as to increase the Ca 2+ sensitivity by a simple reduction in the inter®lament spacing. To validate this hypothesis, experiments were conducted by applying an osmotic compression of cells using inert macromolecules. On a multicellular preparation, the application of dextran increased Ca 2+ sensitivity at resting sarcomere length (1.9 lm SL) while abolishing the eect of stretch to 2.3-lm SL (Wang and Fuchs, 1995, JMCC 27: 1235) . On isolated cells, a similar dextran eect was observed at the resting cellular length, but was not investigated at 2.3 lm (McDonald and Moss, 1995, Circ Res 77: 199) . In this study, we compared the eects of 2.5% dextran application on isolated Triton X 100-skinned rat ventricular cardiomyocytes at two SL. Dextran application resulted in 13% reduction in cell diameter with no eect on passive and maximal active tensions. The isomeric active tension elicited at each pCa was however increased at both SLs, with a further increase in the DpCa 50 in the presence of dextran. In the presence or absence of dextran, phosphatase alkaline treatment increased pCa 50 at 1.9 lm SL only, with an overall reduction in the DpCa 50 . These results indicate that the inter®lament spacing, modi®ed during a stretch, contributes to modulate myo®lament Ca 2+ sensitivity. However, this eect seems to occur in addition to a stretch-dependent transduction pathway determined by the phosphorylated state of various proteins.
Force depression by inorganic phosphate in single myo®brils from striated muscle N. PIRODDI, C. TESI, F. COLOMO and C. POGGESI Dipartimento di Scienze Fisiologiche, UniversitaÁ di Firenze, Viale Morgagni 63, I-50134 Firenze, Italy
Studies of the eects of [P i ] on the force generation mechanism in skinned ®bres are complicated by diusional barriers. Recently, it has been shown that these limitations can be overcome by the use of single myo®brils (1±3 lm wide) which are in rapid diusional equilibrium with the bathing medium and are suitable for mechanical measurements (Colombo et al., 1997, J Physiol (Lond ) 500: 535±548). Here, single myo®brils or thin bundles of myo®brils from rabbit fast (psoas; 5±15°C) and slow (soleus; 15±20°C) skeletal muscle have been used to study the eects of [P i ] on maximal isometric force and on the rate of force redevelopment after a release-restretch protocol. In particular, in both myo®bril types, the force/[P i ] relations, determined in the range 5 lM±70 mM was found not signi®cantly dependent on temperature and showed a maximal amplitude of the depression of force by P i which was smaller in the soleus (0.56 0.15).than in the psoas myo®brils (0.93 0.04). Hyperbolic ®ts of the two force/[P i ] relations produced similar P i50 , indicating that the k d for P i binding to AM. ADP is the same in fast and slow myo®brils. Preliminary experiments in myo®brils from rabbit heart (15°C) con®rm previous observations of a strong inhibitory action of P i on maximum force production in cardiac muscle, similar to what observed with rabbit fast skeletal muscle myo®brils (Kentish, 1986 , J Physiol (Lond) 370: 584±604). Aim of the study was to investigate the expression of NOSI, NOSII, NOSIII and PKCh related to de®ned ®bre types of skeletal muscles. NOS expression was also studied in diabetic and myopathic muscles with and without treatment of Ginkgo biloba extract. The investigation was performed on cryostat serial cross sections of gastrocnemius and vastus lateralis muscles from normal rats, STZ-diabetic rats, normal and myopathic hamsters. Using¯uorescence immunohistochemistry, the NOS isoenzymes and PKCh were demonstrated in the dierent ®bre types. The muscle ®bres were types into SO (slow oxidative), FOG (fast oxidative glycolytic) and FG (fast glycolytic). For this ®bre typing, the activities of myo®brillic adenosine triphosphatase, glycerol-3-phosphate dehydrogenase and succinate dehydrogenase were measured cytophotometrically in one and the same muscle ®bre. Generally, we have demonstrated that dierent muscle ®bre types diered in their expression of NOS isoforms and PKCh. The following results were obtained by immunohistochemistry in muscles of normal rats: NOSI and PKCh correlated strongly, they were co-expressed in SO-and FOG-®bres. In constrast, NOSIII correlated negatively to PKCh and NOSI and was stronger expressed in FG-®bres. NOSII was found to be diusely distributed in vastus lateralis muscle and it was not found in gastocnemius muscle. However, an expression of NOSII was observed in the FOG-®bres of gastrocnemius muscle for diabetic rats. In contrast, NOSII was disappeared in FOG-®bres of myopathic muscles of hamsters. Decreased expression of NOSI and NOSIII were observed in diseased muscles. After treatment with Ginkgo biloba extract, higher expression of all NOS-isoforms were found in normal as well as in diseased muscles. The changes were con®rmed by Western blotting.
Expression of nitric oxide synthase (NOS)-isoforms
Changes of the ®ne structure of the M3 re¯ection during activation and force development M. RECONDITI 1, 3 The X-ray diraction third order myosin-based meridional re¯ection (M3) changes its spacing form 14.34 nm at rest to 14.56 nm at the plateau of the isomeric tetanus. This change has been interpreted as the combined intensity changes of two unresolved re¯ections with the above spacings (Piazzesi et al., 1999, J Physiol 514: 305±312). Using the intense and high collimated beam available at BioCAT beamline (APS) we have observed with a $1000 nm resolution the M3 ®ne structure due to the interference between the two halves of the myosin ®lament (Linari et al., 2000, PNAS, in press). The changes in the M3 meridional pro®le have been followed during the rise of isometric force in frog sartorious muscles. A CCD detector available at the beamline with a speci®cally designed software (Brandeis University) was used to collect 10 ms meridional slices during the tension development. The ®ne structure of the M3 intensity distribution reveals that the 14.56-nm re¯ection is split into two peaks: the one at higher angle is merged with the decreasing intensity of the re¯ection at 14.34 nm, while the other one is clearly separated and its intensity time course is consistent with that predicted for the 14.56-nm as a whole.
Supported by NIH Grants #AR43733 (HEH) and RR08630 (BioCAT Myosin-binding protein-C (MyBP-C) is a component of all striatedmuscle sarcomeres, with both structural and regulatory roles. Multiple mutations within the gene for cardiac MyBP-C, one of three known isoforms, have been linked to familial hypertrophic cardiomyopathy (FHC). Many mutations are C-terminal truncations aecting the protein's incorporation into the sarcomere, but some FHC phenotypes result from missense mutations in more N-terminal regions of cMyBP-C. Whereas transgenic mice have been generated with C-terminal mutations of the molecule, we present here a knockout mouse model that lacks a region just N-terminal to the phosphorylatable MyBP-C motif. The deletion, comprising the Ig domain C1 and the linker sequence between modules C0 and C1, results in a molecule that has similar size as the skeletal MyBP-C isoforms. We show that that mutant cMyBP-C is readily incorporated into the sarcomeres of both heterozygous and homozygous animals and can still be phosphorylated by cAMP-dependent protein kinase. Although histological characterization of wildtype and mutant hearts did not reveal obvious dierences in phenotype, left ventricular ®bers form homozygous mutant mice exhibited an increased Ca 2+ sensitivity of force development, particularly at lower Ca 2+ concentrations, while maximum active force levels remained unchanged. The results allow us to propose a model of how cMyBP-C may aect myosin-head mobility and to rationalize why Nterminal mutations of the protein could lead to FHC. The role of the intermediate ®lament protein desmin in hypertrophic growth of smooth muscle was examined in desmin de®cient mice (Des )/)). A partial obstruction of the urethra was created to induce growth of the bladder smooth muscle. After 13 days bladder weight had increased about 3-fold in both Des )/) and wild type (Des +/+) animals. The bladder growth was associated with synthesis of the contractile proteins actin and myosin. In the Des +/+ animals a signi®cant increase in desmin was found. In the Des )/) mice the amount of the intermediate ®lament protein vimentin was similar to that in the controls and remained unchanged during hypertrophy. Although the obstructed bladders from Des )/) were capable of growth they had structural changes with partial disruption of the smooth muscle component in the bladder wall. Functional characterisation showed that the Des )/) bladders had a slightly lower passive tension and a signi®cantly lower active stress. The results show that desmin is not needed for hypertrophic growth of the urinary bladder smooth muscle, but has a role in active force transmission and maintenance of structural integrity of the bladder wall.
Calponin does not in¯uence the maximal velocity of shortening in smooth muscle: studies using a natural knock-out F. V. BROZOVICH, C. FACEMIRE and J. P. JIN Department of Physiology and Biophysics, Case Western Reserve University, 10900 Euclid Avenue, Cleveland, OH 44120-4970, USA
In smooth muscle, phosphorylation of the 20 kDa regulatory light chain (MLC 20 ) of myosin is known to regulate actomyosin interaction and consequently force activation and relaxation. However, a thin ®lament based regulatory system for actomyosin interaction has been suggested to exist in parallel to MLC 20 phosphorylation. Calponin is a thin ®lament associated protein that in vitro inhibits actomyosin interaction, and has been suggested to reduce the maximal velocity of muscle shortening (V max ). Using antibodies to h1-and h2-calponin, we demonstrated the calponin was present in smooth muscle form Sprague±Dawley (SD) rats, while calponin was not detectable in the smooth muscle from Wistar±Kyoto (WKY) rats. Thus, comparing the V max in smooth muscle between these two strains of rats will demonstrate if calponin has a physiological role for the regulation of smooth muscle contractility. V max was therefore determined from the force vs. velocity relationship at maximal Ca 2+ activation in Triton skinned smooth muscle strips of portal vein and aorta. For SD compared to WKY rats, V max was the same in the aorta and the portal vein. In addition comparing SD and WKY tissues, there was no dierence in the level of MLC 20 phosphorylation, and either myosin heavy chain or 17 kDa essential myosin light chain splicing. These results suggest that in vitro calponin does not act as a thin ®lament based secondary regulatory system to inhibit smooth muscle contraction.
Phosphorylation of the minimal inhibitory region at the C-terminal of caldesmon alters its structural and actin binding properties B. The interaction of caldesmon with F-actin to result in tropomyosinpotentiated inhibition of actomyosin ATPase is a functional property associated with the C-terminal domain 4 of the protein (residues $600±756 of chicken gizzard caldesmon). We have previously used NMR spectroscopy to compare the actin binding properties of the minimal inhibitory region, LW30 (residues 693±722) with those of domain-4b (residues 658±756). This region of caldesmon contains two actin-binding sites involving Trp-692 and Trp-722¯anking a wellde®ned backbone turn segment (residues 713±716) that constrains the relative disposition of the two actin contact sites and enables their simultaneous docking on subdomain 1 of actin. This turn segment is preceded by the sequence S 702 -P-K-P-A-P that adopts an extended backbone conformation acting as a rigid`spacer'. Ser-702 (ser-759 of human caldesmon) is one residue identi®ed as target for MAP kinase. In order to study the structural consequences of caldesmon phosphorylation we have used NMR to examine the in¯uence of this single site modi®cation in two sequence contexts. The conformational in¯uence of phosphorylation of Ser-702/759 was studied using a short synthetic phosphorylated peptide (-DGNKS P PAPKPS-) as well as the inhibitory LW30 peptide, phosphorylated with MAP kinase, so as to distinguish short and long-range eects of the modi®cation. Despite the fact that the spacer sequence is not directly involved in actin docking, phosphorylation of Ser-702/759 of LW30 resulted in markedly diminished actin anity and the loss of dual-sited interaction. Only the C-terminal contact, centred on Trp722 was retained upon phosphorylation whilst the N-terminal actin contacts (Thr694, Thr696) were lost. These results are rationalised by the observation that phosphorylation destabilises the turn segment linking the two actin binding sites and thereby results in the randomisation of their relative disposition, thus abolishing the twosite docking. This modulatory in¯uence of Ser-702/759 phosphorylation is not merely a function of the bulkiness of the covalent modi®cation since the stability of the turn region is observed to be sensitive to the ionisation state of the phosphate group. The data are discussed in the context of the conformation of the C-terminal domain 4b of caldesmon and the structural basis for its dual-sited interaction with F-actin.
Smooth muscle contraction with non-muscle (NM) myosin heavy chains (MHC) in a smooth muscle (SM) MHC knock out model Substitution of exon 5b of the SM-MHC gene with a neomycin resistance cassette in reverse orientation completely eliminated expression (KO) of the SM-MHC gene. Three MHC bands with 196 kDa (NMA), 198/200 kDa (NMB and SM2), and 204 kDa (SM1) could be observed 6 h post partum in the bladder of wild-type (WT) mice while in KO mice, only NMA and NMB were detected. KO animals were delivered with normal body weight but died within 12 and 24 h post partum. Using prolonged KCl (50 mM) depolarization of intact bladder preparation from neonatal (4±6 h old) WT mice, an initial transient state (phase 1; 3.02 0.27 mN) and a subsequent sustained state (phase 2; 0.87 0.17 mN) (P < 0.001) of force generation could be distinguished. However, KCl depolarization of intact bladder form KO mice (4±6 h old) induced only a phase 2 (0.58 0.06 mN). Maximal shortening velocity (V max ), determined at the peak of the phase 1 was 0.41 0.03 muscle length/second (ML/s), and decreased signi®cantly (P < 0.01) to 0.15 0.01 ML/s in phase 2 of WT. V max during phase 2 in KO was 0.17 0.01. V max of KO bladder preparations l min after onset of KCl stimulation was 0.16 0.01 ML/s. Ductus arteriosus (DA) closed with 3 h after birth in normal mice, but required 6 h in homozygous KO animals. One of the most obvious phenotypes of SM-MHC de®cient mice was a ®lled giant and thin-walled bladder. Angiotensin I plasma levels were markedly increased in KO (4.94 1.20 compared to 1.24 0.28 ng Angl/mlxh; P < 0.001). We conclude that phase 2 was sucient for normal fetal development and could be generated upon switching form SM-to NM-MHC activation. Phase 1 becomes indispensable for survival and normal growth soon after birth, especially for functions such as homeostasis and circulation.
Mapping of a novel actin-binding motif of smoothelin with homology to troponin T C. QUENSEL, J. KRA È MER, M.C. CARDOSO and H. LEONHARDT Franz-Volhard-Clinic at the Max-DelbruÈck-Center for Molecular Medicine, Berlin, Germany
Smoothelin is a cytoskeletal protein speci®cally expressed in dierentiated smooth muscle cells and has been shown to colocalize with alpha smooth muscle actin. In addition to a short and a long, vascular smooth muscle speci®c, smoothelin isoform, we identi®ed two novel variants that are generated by alternative splicing aecting the C-terminal domain, which shows similarity to the spectrin family of F-actin crosslinking proteins. To analyze functional dierences we generated chimeric smoothelin proteins fused with the green¯uores-cent protein and determined their subcellular distribution. We could show that the spectrin family similarity domain of smoothelin is not sucient for binding to actin ®laments. Instead we mapped two separate domains that can independently mediate association with actin ®laments. The ®rst domain is located in the vascular speci®c, N-terminal half while the second is located in the common C-terminal part. Sequence analysis of the second region reveals clear sequence similarity of a 45 amino acids spanning stretch to the tail domain of troponin T (TnT), termed smoothelin TnT box. The N-terminal tail domain of troponin T is responsible for the interaction with actin and tropomyosin in striated muscle. Our results suggest that the cell type speci®c expression of dierent smoothelin isoforms might play a role in the modulation of the contractile properties of dierent smooth muscle cells.
A non-selective cation channel activated by M 3 -muscarinic stimulation in freshly isolated bovine ciliary smooth muscle cells: its possible relationship to the trp3 and/or 6 genes A. TAKAI 1 , Y. TAKAI 2 and Y. MIYAKE We also examined the expression of the trp channel gene in this smooth muscle tissue by RT-PCR using several sense and anti-sense constructs for human and murine trp's spanning 100±130 amino acid segments which almost entirely cover the putative pore forming region of each trp. The whole-cell voltage-clamp technique was applied to record membrane currents from bovine ciliary myocytes freshly isolated by collagenase treatment. The bath was perfused with a physiological saline solution (PSS) buered with 10 mM-HEPES. Pipettes were ®lled with a K + -free solution containing 100 mM Cs aspartate, 5 mM-BAPTA ([Ca 2+ ] = 70 nM) and 200 lM-GTP (pH 7.0). All experiments were carried out at 30°C. Under voltage clamp at )50 mV, addition of CCh (2 lM) to the bath produced an inward current accompanied by a marked increase of the noise level. Analysis of the power spectrum and non-stationary variance of this noise estimated c and s to be 39 p and 17 ms respectively. Experiments with in-situ membrane patches using pipettes ®lled with PSS identi®ed a carbacholactivated channel with very similar c (31 1 p) and s (10 1 ms; n = 8). Replacement of GTP in the pipette solution with GTPcS gradually caused a spontaneous opening of the channel in the absence of CCh. The response to CCh was irreversibly inhibited (rather than augmented) by bath application of 1 lM-thapsigargin. The results of RT-PCR indicated that the smooth muscle of the bovine ciliary body expresses a relatively high levels of trp's very similar to human trp3 and trp6, which are thought to construct non-selective cation channels controlled by G-protein-linked pathways.
Inhibition of the smooth muscle CaM kinase II greatly reduces force production L.G. BALTAS, U.B. ZACHARZOWSKY, D. BALZEREIT, M. KOTT and I. MORANO Max DelbruÈck Center for Molecular Medicine (MDC), Robert-RoÈssle-Str. 10, 13125 Berlin, Germany
The Ca 2+ /calmodulin-dependent protein kinase II (CaM kinase II) is a multifunctional serine/threonine protein kinase that has been implicated in the regulation of diverse cellular functions/proteins such as gene transcription and cell growth, ion channels-transporters, synaptic transmission, hormone production etc. It is a ubiquitous enzyme expressed in high amounts in the brain and in lesser in peripheral tissues. Our current understanding of CaM kinase II function in smooth muscle is very limited. The purpose of the present study was to charactetize the murine smooth muscle (SM) CaM kinase II (from neonatal uterine bladders) and if possible to make a preliminary evaluation of its in vivo function.
Our results (subcellular fractionation, Western blot analysis and autophosphorylation experiments) indicate that the murine SM-CaM kinase II exists as multimers of d-and/or c-subunits (48 and 56 kDa, respectively). Immuno¯uorescence microscopy of isolated SM (bladder) cells with speci®c anti d-and anti c-CaM kinase II Abs, showed strong myo®brillar localization of the enzyme (where several potential substrates of CaM kinase II, such as MLC 20, MLCK calponin and caldesmon, are found).
In order to examine the physiological function of the SM-CaM kinase II we used thin bladder preparations from neonatal mice. These preparations upon prolonged KCl depolarization, produce an initial transient state of high force (Phase I) followed by a sustained state of low force (Phase II). Preincubation of the ®bers with the CaM kinase II speci®c inhibitor, KN-93, signi®cantly inhibited force generation, producing a dose-dependent decrease of Phase I (IC50: 8 lM). Similar inhibitory eects were obtained with another highly spei®c CaM kinase II inhibitor, myristoylated AIP (CaM kinase autoinhibitory peptide). Using another experimental model, Triton-skinned ®bers from bladders of neonatal mice, the above CaM kinase II inhibitors partially inhibited force generation, indicative that the SM-CaM kinase II is strongly associated with the contractile apparatus. This was further con®rmed upon biochemical analysis of the protein content of the skinned ®bers used for the functional experiments (presence of d-and c-CaM kinase II subunits).
We conclude that CaM kinase II plays a predominant positive role for in the regulation of force development and maintenance, in bladder smooth muscle. Considerable debate exists about the relative physiological importance of electromechanical (EMC) and pharmacomechanical coupling (PMC) in smooth muscle (SM) contraction and relaxation. In EMC, contraction involves change in membrane potential (E m and increase in Ca 2+ in¯ux, while PMC involves contraction which is independent of changes in E m and extracellular Ca 2+ in¯ux. With the present investigation we attempt to de®ne the particular signal transduction and contactile systems, involved in the above mechanisms.
Regeneration of mutant muscle grafts in the mouse
As experimental model we employed urinary bladder preparations from neonatal mice (WT) as well as from SM-myosin heavy-chain de®cient neonatal mice (KO). Bladders from WT mice contain SMmyosin as well as non-muscle (NM) myosin, while those from KO mice contain only NM-myosin (Morano et al., 2000, Nature-Cell Biology 2: 371±375).
Thin muscle strips (2 mm long and 0.5 mm wide) from bladder were mounted isometrically with microsyringes and equilibrated with KHsolution gased with O 2 /CO 2 (pH 7.4). Upon high [K + ]°depolarization, preparations from WT bladders, produced a transient high-force state ± phase 1 ± followed by a sustained state of low force ± phase 2. In similarly treated preparations from KO mice, phase 1 is absent and only phase 2 is produced. Using a highly speci®c, myosin light chain kinase (MLCK) inhibitor, ML-7, we could eliminate phase 1, in a concentrationdependent manner (IC 50 around 8 lM), but there was no signi®cant eect on force production in KO preparations (i.e. phase 2). In addition the protein kinase C inhibitor (for a and b isoforms), peptide 19±27, did not have any eect on force production (either on phase 1 or 2), in response to KCl depolarization. Stimulation with phorbol diesters (e.g. 10 lM of PDBu) induced sustained force production in both WT and KO bladder preparations with no signi®cant dierence between.
From these results we conclude that electromechanical coupling in urinary bladder involves activation of MLCK by extracellular Ca 2+ in¯ux and force production by means of SM-myosin (required for phase 1). In phase 2, NM-myosin is recruited, but the signal transduction system involved remains elusive. Pharmacomechanical coupling (PDBu stimulation) leads to PKC activation and recruitment of NM-myosin.
It seems that contrary to skeletal and cardiac muscle, smooth muscle has evolved a diversity of mechanisms for regulating contraction/relaxation and this diversity may allow smooth muscle to retain resemblance to normal function despite elimination of one mechanism by genetic manipulation/pharmacological therapy or a diseased state.
A CAPES (Brazil) Fellowship to V.L.Z. is gratefully acknowledged. We have addressed the questions: (1) Can an alteration in myosin isoform composition occur in vivo? and (2) Can a change in the contractile system lead to altered mechanical properties in smooth muscle? Thyroid hormone has previously been shown to alter the myosin isoform composition in cardiac and skeletal muscle. We examined the eects of thyroxine on fast and slow smooth muscles. Guinea pigs were given 0.4 mg thyroxine (T4)/kg i.p daily for 14 days. Control animals were given physiological saline solution. Maximal unloaded shortening velocity (V max ) was measured on chemically skinned muscle preparations from the aorta (a slow smooth muscle type) and the taenia coil (fast type). V max increased following thyroxine treatment, by approximately 30% in both muscles. Using the RT-PCR-technique, we found that the expression of mRNA for the non-muscle myosin essential light chain (LC 17b ) decreased by approximately 15% in both muscles types following thyroxine treatment. The expression of mRNA for myosin heavy chain with a 7 amino acid insert increased by approximately 30% for both types. Using 2D-electrophoresis we found corresponding results for the LC 17b protein expression. In conclusion, thyroxine treatment alters isoform composition of both myosin light and heavy chains in vivo. These changes are associated with increased shortening velocity. Titin is a giant muscle protein spanning the half-sarcomere from the Zband to the M-line and bound to the myosin ®laments in the A band. It is thought to direct the assembly of sarcomeres, to maintain their integrity by interacting with numerous sarcomeric proteins and to be responsible for passive tension. Vertebrate striated muscle titin exists in several isoforms speci®c both for dierent type of muscles and species.
Since the impairment of myocardium function in heart failure is accompanied by titin isoform changes, hibernation of ground squirrels (Citellus undulatus) as a nature model of the suppression of muscle function was used by us for elucidating a possible contribution of titin isoforms to such an inhibition. Using electrophoresis, immunoblotting, electron microscopy we have for the ®rst time revealed the appearance of shorter titin isoforms in the skeletal and cardiac muscles of hibernating animals. In parallel, shorter titin isoforms of hibernating animals as compared with those of active ones, aect actin-activated ATPase activity of rabbit skeletal myosin to a lesser extent. We suppose that along with myosin contribution shown by us earlier, the above changes in isoform composition of titin may also contribute to the inhibition of contractile capacity of skeletal and cardiac muscles of the hibernators at this period. Our data are consistent with observations on the appearance of shorter titin isoform is failing heart. However, unlike irreversible changes in pathology, the changes upon hibernation are reversible upon arousal of the animal. Further quantitative study of titin isoform composition upon hibernation and its physiological consequences can shed a light on the criteria of the reversibility of reduced function in some cardiomyopathies. In¯uence of desmin in the muscular ability has been recently investigated, using a desmin knockout mouse model. It was reported that the longitudinal repartition of these ®laments largely in¯uences the passive properties of skeletal and smooth muscles. Considering the three-dimensional organisation of the exosarcomeric lattice, passive transverse properties of muscles lacking desmin could also be modi®ed. A technique based on the propagation of ultrasonic waves was ®rst used by Tamura et al. (1982) to measure transverse stiness in frog muscle. Thus, to explore these properties we measured the ultrasonic velocity, in the radial muscle direction, for control (+/+) and desmin knockout ()/)) muscles from mice. Experiments were carried out on 12 (+/+) and 12 ()/)) soleus muscles. Each muscle was placed in a chamber containing gazed, physiological salt solution (25°C) at a stretched position (3 mm in excess of in situ length). It was maintained in contact with the bottom of the chamber and with a thin Plexiglas plate, which was holed in its middle. A transmitter/receiver transducer (10 MHz) was immersed in front of the upper face of the muscle. Thus, two echo waves were detectable at the solution/muscle and at the muscle/chamber interfaces respectively. Twelve dual echo waves (W 1 and W 2 ) were recorded in 3 places of the muscle. The ultrasonic velocity in physiological solution (V e ) and the chamber distance (d f ) were also measured with a dierential method of echo waves. Muscle velocity (V M ) was then calculated as follows:
Transverse ultrasonic velocity in ()/)) muscles was signi®cantly higher (1597 6 m s ) (Wilcoxon±Mann±Whitney test, a < 0.05). Since the transverse elastic coecient is proportional to the propagation velocity, it can be asserted that muscles lacking desmin exhibit stier passive transverse elastic characteristics than control muscles. Thus, present results show that changes in transverse passive properties due to absence of desmin are in accordance with longitudinal characteristics reported in a previous work. In conclusion, a removal of desmin seems to induce a stiening of the muscle both in longitudinal and in radial direction.
Cytoskeletal changes and impaired isokinetic muscle performance in a-glucosidase knockout mice
Muscle weakness is the primary clinical feature of glycogen storage disease II (GSD II). In GSD II, large non-contractile inclusions occur in the muscle cell many of which are glycogen-®lled lysosomes. These inclusions interrupt myo®brils, thereby hampering longitudinal force transmission. This may induce a counterbalancing increase in the expression of cytoskeletal muscle proteins important in longitudinal (titin) and transversal (e.g., desmin) force transmission. Impaired mechanical output and expression of cytoskeletal proteins were studied in an a-glucosidase knockout mouse, an experimental model for GSD II. Four knockout mice showing clinical symptoms were compared to 4 unaected littermates. Maximal tetanic contractions of the ankle plantar¯exor muscles were induced in situ by electro-stimulation under halothane anaesthesia. Torque was determined using a custom-built dynamometer. Tetanic torque was ®tted to a hyperpola described by the Hill equation. Peak power was calculated using this equation. Stimulated muscles were dissected, weighed and processed for immuno¯u-orescence staining of desmin and titin. No dierences in muscle mass were observed between aected and unaected mice (169.4 39.7 vs. 155.5 17.4 mg). Peak power (W/kg) was signi®cantly reduced in knockout mice (130 30 vs. 180 20) and isometric performance (mN m/g) tended to be reduced (56.3 13.0 vs. 66.9 14.5, P = 0.07). In control animals the desmin and titin staining showed a regularly cross striated pattern. Boundaries between myo®brils were not visible. In the knockout mice a longitudinal pattern of increased desmin staining at boundaries between myo®brils was clearly seen. Also increases in desmin and sometimes titin were observed around the inclusions. Cross striation was absent in about 10% of the muscle ®bres. The desmin data suggest that transverse force transmission between myo®brils is increased in aected muscle. Cytoskeletal adjustments to the presence non-contractile inclusions appear to be insucient to enable normal power-output (a power decrease of 30% Kettin is a modular protein associated with actin in the region of the Zdisc in striated muscles of insects. The molecule is principally made up of immunoglobulin (Ig) domains separated by linker sequences and is oriented with the N-terminus in the Z-disc and the more C-terminal sequence extending into the sarcomere along actin ®laments. Three isoforms have been identi®ed in Drosophila; the main isoform is about 500 kDa and there are minor isoforms of 700 and 1000 kDa. The kettin sequence is in the Drosophila genome and a related protein has been identi®ed in the Caenorhabdites genome. Both Drosophila and the nematode have a core sequence of 35 Ig-linker modules predicted to produce a 500 kDa protein. The Drosophila gene has sequence downstream of this region which is predicted to code for 7 Ig domains (not separated by linkers), three open reading frames similar to the PEVK elastic region of vertebrate titin, a further 5 Ig domains, and 3 ®bronectin domains. The isoforms of Drosophila kettin are likely to be produced by alternative splicing of this gene. Using antibodies to expressed constructs from dierent regions of the gene, we are identifying sequences in the three isoforms and their position in the sarcomere. The 500 kDa isoform binds to actin with high anity and a stoichiometry of one Ig domain per actin monomer. 3D reconstructions from electorn microscope images of complexes of actin with kettin or kettin fragments show extra density which covers subdomain 1 of actin and winds around the ®lament. Kettin bound to actin would reinforce thin ®laments near the Z-disc. There is evidence that the C-terminal region of the molecule is associated with the end of the A-band and that this link is responsible for the high stiness that is necessary for stretch activation of¯ight muscle (Kulke et al., these abstracts This study addressed the potential role of dystrophin in exerting control over the systems integrating mitochondria with dierent ATPases in vivo, by analysing the mitochondrial structure and function in the skinned cardiac and skeletal muscle ®bers from wild type and lacking dystrophin MDX mice. Confocal microscopy revealed disorganized mitochondrial arrays in m. gastrocnemius, whereas the other muscles appeared normal in MDX mice. Irrespectively of the muscle type studied, absence of dystrophin exerted no eect on proton leak, substrate speci®city of respiration, maximal capacity of oxidative phosphorylation and the extent of coupling between oxidation and phosphorylation. However, in myocardium the coupling between mitochondrial creatine kinase and adenine nucleotide translocase was attenuated, as evidenced by decreased eect of creatine on K m for ADP, measured from the respiration rate versus [ADP] relationships. The assay of competition between mitochondria and powerful external pyruvate kinase-phosphoenolpyruvate system for ADP revealed the increased mitochondrial ADP¯ux compared to controls. In m. soleus, low K m for ADP compared to wild type counterpart was found and further decrease in this parameter under creatine could not be revealed. This implies the increased permeability of the outer mitochondrial membrane to ADP. We hypothesize that in slow-twitch muscle cells, the absence of dystrophin is associated with the rearrangement of the intracellular feedback signal transfer systems: as the mechanisms mediated by creatine kinases become impaired, the mechanisms ensuring direct transfer of ADP to the mitochondria are stimulated.
Characterization of c-®lamin in muscle: the interaction with myotilin reveals a novel link in the limb girdle muscular dystrophy pathway P.F.M. VAN The ®lamins form a family of widely distributed actin-crosslinking proteins involved in the organization of actin ®laments both in the cell cortex and in stress ®bers. We have addressed the question of ®lamin isoform-speci®c cellular functions in cross-striated muscle. An expression analysis in cultured human skeletal muscle cells revealed a strong up-regulation of the c-®lamin isoform immediately subsequent to the induction of dierentiation, whereas a-®lamin was down-regulated. c-®lamin is located predominantly at myo®brillar Z-discs from the ®rst stages of Z-disc formation. Only this isoform carries a unique insertion of 78 amino acids, which is encoded by an extra exon in the corresponding FLNC gene. Transient transfections of the insertbearing domain in muscle cells reveal that this single domain is sucient for targeting to developing and mature Z-discs, while more carboxyterminal portions of all ®lamin isoforms are not. Yeast twohybrid analysis revealed that this insertion is involved in the binding of c-®lamin to the Z-disc protein myotilin. Since defects in the myotilin gene were reported to cause limb-girdle muscular dystrophy (LGMD) 1A, and the FLNC gene was mapped to the LGMDID locus, our results contribute to the molecular understanding of LGMD.
A novel marker for vertebrate embryonic heart: the EH-myomesin isoform I. AGARKOVA, D. AUERBACH, E. EHLER and J.-C. PERRIARD Institute of Cell Biology, ETH Zurich-Honggerberg, CH-8093 Zurich, Switzerland
Myomesin is a structural component of the M-band which is expressed in all types of striated muscle. Its primary function seems to be the maintenance of the thick ®lament lattice and its anchoring to titin. Dierent myomesin isoforms have been described in chicken and mice but no particular function has been assigned to them. We investigated the spatio-temporal expression pattern of myomesin isoforms in chicken and mouse by means of RT-PCR and isoform-speci®c antibodies. We found that the C-terminal splice variants of myomesin, which we termed H-myomesin and S-myomesin, represent the major myomesin species in avian heart and skeletal muscle, respectively. In contrast, mammals and reptiles express only S-myomesin in both types of striated muscle. Alternative splicing in the central part of the molecule, including an additional so-called EH-segment, gives rise to an isoform that we termed EH-myomesin. It represents the major myomesin isoform at early embryonic stages of heart development, but is downgregulated rapidly after birth. Expression of EH-myomesin could never be detected in skeletal muscle of any developmental stage. This expression pattern makes EH-myomesin an ideal marker for embryonic cardiac tissue. Analysis of the circular dichroism spectra of recombinant EH-segment revealed the absence of de®ned secondary structure. The tightly regulated expression pattern of this isoform of myomesin suggests that it performs an essential function during embryonic heart development. In skeletal muscle ®bers the gas signaling molecule nitric oxide (NO) is mainly produced by nitric oxide synthase (NOS)-1 which is connected via a-syntrophin to the cytoskeletal-anchored enlarged dystrophin complex. Performing NOS-1 speci®c NADPH diaphorase histochemistry and NOS-1 immunohistochemistry on 60 lm thick frozen sections of rat extensor digitorum longus (EDL) muscles we detected prominent rings clearly encompassing the surface of the muscle ®bers. These costameres were usually found as doublets¯anking a space of about 2 lm width. Because these costameric doublets did not appear in regular periods, we designated them irregular costameres to discriminate them from regular ones found on commonly used 5±10 lm thick cryosections in a 1 lm period overlying Z-discs and M-discs. Irregular costameres were thicker than the regular ones and free of intercostameres. Immunohistochemistry demonstrated a co-localization of NOS-1 in irregular costameres with integral (a-dystroglycan, a-sarcoglycan) and peripheral (caveolin-3, dystrophin) members of the enlarged dystrophin complex excluding cytoskeletal-organized proteins (myosin heavy chain, a-actinin and desmin). In teased myo®bers the sarcolemma between two following costameric doublets was ballooned, whereas the irregular costameres themselves seemed to clamp the ®bers together. Finally, the concentration of detectable irregular costameres was signi®cantly increased in hypercontracted EDL muscles generated by electric stimulation but increased in mechanically stretched ones. Combining these observations, we hypothesize that irregular costameres are involved in the establishment of cytoskeleton-excluding reserve zone for the sarcolemma necessary for the contraction/ relaxation cycle in myo®bers. -G-actin in myosin-free muscle ®bers. DED-, Alexa-488-and 1,5-IAEDANS were attached to Gln-41, Lys-133 and to Cys-374, respectively. The angles of the absorption (F A ) and emission (F E ) oscillators of the orderly arranged¯uorophores in relation to the long axis of F-actin and a number of randomly arranged¯uorophores (N) were calculated. The angles F A and F E provide information on the orientation of the dye-binding site, while N estimates the mobility of this site. It was shown that the values of F in actin ®laments have no signi®cant correlation with the divalent cation binding at actin monomer HAS which indicates the absence of the distinction in orientation of the subdomains 1 and 2 in the ®laments. However, the value of N for Alexa-488 and 1,5-IAEDANS was extremely high, whereas for DED it was low for Mg 2+ -®laments, showing that the mobility of the subdomain 1 was higher and of the subdomain 2 was lower in these ®laments. Binding of S1 to the Mg Reports of acid labile, base stable phosphorylation of proteins have been predominantly on prokaryotic proteins where, for example, phosphotransfer from a histidine residue to an aspartate is the regularoty switch for chemotaxis (Hess et al., Nature 336: 139±143). Recently, histidine has been shown to be the catalytic residue in psychrophyllic enzymes (Tsuruta and Aizono, 1999, J Biochem 125: 690). There are some reports in the literature of histidine phosphorylation in eukaryotic proteins: e.g. in yeasts, liver mitochondria and arabidopsis, though in the latter the phosphorylated residues are predominantly in histones. Myosin is known to have an associated protein histidine phosphatase, PP2A associated with the DNTB light chain (Kim et al., 1995 , BBA 1268 . Phosphohistidine (P-His) is unstable below pH 6.5 and only metastable at pH7. The phosphate group of 1, P-His is very labile, undergoing phosphotransfer reactions with unphosphorylated histidine, even at alkaline pH, to form the slightly more stable 3, P-His. Conventional protein techniques are thus not suited to the study of N-linked phosphorylation. Additionally, PHis is non-antigenic. We have made a preliminary study on the prevalence of acid labile, base stable phosphorylation in cultured mouse muscle cells (C2C12) at dierent stages of development with and without phosphatase inhibitors. Partial alkaline hydrolysis of the 32 P labeled proteins in the cytosolic fraction after transfer to PVDF revealed that some degree of alkaline stable phosphorylation is associated with several of the major structural proteins. Subsequent mild acid treatment of the membrane removed P-His, leaving P-Tyr which is stable to both acid and base treatments. Phosphorylated polyhistidine, 15±50 kDa (Wei and Matthews, 1991, Meth Enzymol 200: 388±414), was separated by SDS-PAGE, blotted onto PVDF and used as an internal standard for the partial hydrolysis. There was a noticeable increase in the amount of bound 32 P in the majority of the proteins when the phosphatase inhibitors sodium orthovanadate and okadaic acid (OA) were included in the incubation medium. Vanadate speci®cally inhibits the dephosphorylation of tyrosine (P-Tyr would remain after the partial acid hydrolysis), whilst OA inhibits the P-Ser and P-Thr protein phosphatases PP1A and PP2A (Cohen et al., 1990; TIBS March: 98±102) . Enhancement of the amount of P-His in the proteins would also be expected (Kim et al., 1995 , BBA 1268 . Mild acid hydrolysis of the blot appears to have little eect on the levels of bound 32 P, however, there is a sharp decrease after partial alkaline hydrolysis. Three bands were identi®ed by autoradiography as having the highest level of alkalistable phosphorylation. One of these proteins had an apparent mobility in SDS±PAGE similar to that expected for intact myosin, another at $75 kDa and the third was in the range of the troponins/ tropomyosin. As expected the decrease in 32 P after partial alkaline hydrolysis was most noticeable with OA and since this also inhibits the dephosphorylation of histidine, the dierence in protein phosphorylation between cells incubated in OA and vanadate suggests that P-His is present in one or more of the proteins. Sustained eccentric exercise, i.e., repeated contractions during which a muscle is lengthened, is known to cause severe injury to the muscle associated to profound disarrangement of the myo®brillar and cytoskeletal architecture. Such contraction of moderate intensity is more eective for muscle adaptation than other kinds of muscle activity. Reasons for those phenomena are unknown so far. Rat leg muscles maintained in an extended position were examined after protocol of continuous stimulation. As was found in this work and also previously (Biral et al., 1998 , Basic Appl Myol 8: 205±210) the treatment caused the well-known injury to muscles, yet limited so some of their regions. Within the better preserved parts of the muscles, that is those without signs of necrotic processes, in many ®bres dystrophin, spectrin, and some of the dytrophin associated proteins (b-dystroglycan, a-and csarcoglycan) disappeared from sarcolemma. The reduction or loss of dystrophin from sarcolemma was more evident than that of other proteins examined, with sarcoglycans being the best preserved (Biral et al., 2000, Acta Neutopathol, in press ). Disarrangement of cytoskeletal elements is accompanied by the substantial formation of caveolae at sarcolemma in the well preserved ®bres (Jakubiec-Puka and Biral, 2000, Basic Appl Myol, in press ). In addition, several muscle ®bres devoid of dystrophin contained apoptotic nuclei. Simultaneously, the appearance of Bax, Bcl-2 and caspase-3 proteins occured (Biral et al., 2000, Acta Neuropathol, in press -independent gelsolin fragment, we observed not only Z-disk staining but also a distinct epitope in each half-sarcomere, which localized to the ends of the A-bands. Immunoelectron microscopical pictures con®rmed these results. Furthermore, we imposed repetitive stretch-release cycles onto single IFM myo®brils while recording the force response with a sensitive force transducer. Myo®brillar stiness decreased dramatically within seconds during the incubation with the gelsolin fragment. Stiness also dropped when the myo®brils were treated with a calpain protease to digest kettin. Interestingly, only after calpain digestion, but not in untreated myo®brils, we were able to pull the actin ®laments out of the A-band. These results suggest that kettin plays a role for the high stiness of Drosophila IFM necessary for stretch activation. In vitro ®ndings con®rmed this proposal: by Western-blot analysis, interaction was detected between kettin and thick ®laments obtained form a Drosophila actin-null mutant (Km88). Kettin may thus be bound not only to the thin ®laments, but also to the thick ®lament edge, thereby taking on a role similar to that of titin in vertebrate sarcomeres. ) as the ATP-binding region. This implicates the relative proximity (or overlapping) of the nucleotide-and actin/ calmodulin-binding sites of caldesmon. As could be concluded from the lack of signi®cant changes in the quantum yield of the intrinsic tryptophan or AEDANS-caldesmon¯uorescence in the presence of increasing ATP concentrations, the interaction of the nucleotide with his region of the caldesmon molecule did not induce any signi®cant changes in the local conformation of the C-terminus. Moreover, ATP had no signi®cant eect on both actin-induced changes in the AEDANS-caldesmon¯uorescence and the rate of caldesmon to calmodulin cross-linking with EDC in the presence of calcium ions. However, the binding of ATP seems to exert a pronounced eect on the overall shape and/or¯exibility of the caldesmon molecule, as evidenced by promotion the formation of intra-, but not intermolecular disul®de bridges between the cysteine residues located in the opposite caldesmon termini. Such conformational or¯exibility changes might be of importance in facilitating myosin interaction with the N- Caldesmon (CaD), a component of smooth muscle thin ®laments, was shown to bind to the subfragment 2 (S2) region of myosin. Possible tethering of actin to myosin by CaD is supposed to be important for regulation of smooth muscle contractile process. In contrast to the visualization of CaD attachment to actin ®laments, direct demonstration of CaD binding to myosin ®laments has been so far unsuccessful.
Eects of the
Here, we complete a scenario of actin±myosin tethering by CaD, providing the ®rst EM demonstration of the CaD attachment to myosin ®laments. To demonstrate the CaD binding we have used preparations of unphosphorylated chicken gizzard myosin capable of forming ®laments with a compact ordered arrangement of the heads and S2s on their surface with an axial periodicity of 14.5 nm under relaxing conditions (10 mM imidazole, pH 7.0, 100 mM (CH 3 COO)-Na, 3 mM (CH 3 COO) 2 Mg, 1 mM EGTA, 1 mM NaN 3 , 2 mM ATP) (Podlubnaya et al., 1999) . Addition of CaD at molar ratio form 1:1 to 3:1 to myosin before or after dialysis dramatically changed the appearance of the ®laments under the relaxing conditions. Numerous elongated projections curving out from the ®laments were very distinctly seen in the micrographs. They obviously originated from the CaD binding which was con®rmed by the electrophoresis data. The projection dimensions suggest that this could be the CaD±S2 complexes. The ®lament regions devoid of such projections exhibited axial periodicity peculiar to the control preparations. In addition, at lowering of the CaD to myosin molar ratio to 0.25:1 the ®lament appearance did not dier form that of control which also indicated that the projections originated from CaD binding. The elastic section of the gaint muscle protein titin contains many immunoglobulin-like domains, which have been shown by singlemolecule mechanical studies to unfold and refold upon stretchrelease. Here we asked whether unfolding of I g domains and/or other titin segments could be responsible for the viscoelastic behavior of nonactivated skeletal and cardiac muscle, notably stress relaxation and force hysteresis. We found that both isolated psoas and cardiac myo®brils respond to a stretch-hold protocol with a characteristic force decay that is readily reproducible by a Monte Carlo simulation taking into account the kinetics of Ig-domain unfolding and the wormlike-chain model of entropic elasticity used to describe titin's elastic behavior. The results suggested that, within a physiological sarcomere-length range, the force decay may re¯ect the unfolding of a very small number (<2±3) of Ig domains per titin molecule. The simulation also predicted that a unique sequence insertion in titin, the PEVK domain, may undergo minor structural changes during sarcomere extension. However, no signi®cant contribution of the PEVK domain to the stress-relaxation response was found experimentally. Quick stretch-release protocols performed on psoas myo®brils, in which variable pauses were introduced after the release, revealed a two-exponential time course of hysteresis recovery with rate constants of 28 and 1 s )1 . The latter value almost matches the refolding rate of a titin±Ig domain measured by single-protein mechanical analysis, the former compares well with the fast refolding rate of several, structurally related, ®bronectin-like domains. These ®ndings strongly support a model in which stress relaxation, force hysteresis and hysteresis recovery of skeletal myo®brils are determined by the unfolding/refolding characteristics of individual titin±Ig domains. In the sarcomere, the Ig±domain regions may thus act as entropic springs capable of adjusting their contour length in response to a stretch. Our ®ndings bridge the gap in explaining results form single molecule work on titin versus those obtained in ®ber stretch experiments.
Myotilin, an actin-bundling protein, is a component of the Z-line and is mutated in Limb Girdle Muscular Dystrophy 1A (LGMD1A) P. SALMIKANGAS, A. TAIVAINEN, M. LALOWSKI and O. CARPE Â N Haartman Institute, University of Helsinki, Department of Pathology, Haartmaninkatu 3, 00290 Helsinki, Finland
We have recently characterized a novel component of the sarcomere, which was termed myotilin (Salmikangas et al., 1999) . The NH 2 -terminal half of this 498 amino acid polypeptide is unique and contains a Ser-rich region. The COOH-terminus contains two Ig-domains, and 31% of residues in this region are identical and 53% are conserved between myotilin and the Z-disk binding region of titin. Myotilin localizes sarcomeric Z-lines along with a-actinin and it directly binds to a-actinin and F-actin in vitro. Interaction of a-actinin and myotilin involves residues 79±125 in myotilin and the ®rst CH domain of the EF hand in a-actinin. The binding of F-actin occurs via Ig-like domains of myotilin. When transfected into non-muscle cells (COS1, CHO, Ptk2) myotilin cDNA induces formation of thick actin-cables, while in muscle cells the overexpressed protein is targeted to Z-lines. Myotilin gene resides in chromosome 5q31 in a locus and was previously reported to map within the interval for limb-girdle muscular dystrophy (LGMD1A) disease gene (Bartoloni et al., 1998) . Recently a missense mutation (T571) in myotilin gene was found to cosegregate with the disease in a unique large LGMD1A family of German origin (Hauser et al., submitted).
Hypogravity-induced plasticity of postural and locomotor muscles in higher mammals. The activities of two muscle systems responsible for posture and locomotion, respectively, are suciently altered under microgravity but to dierent extent. The postural activities are totally eliminated, meanwhile the locomotor activities are only suciently diminished. The present study is dedicated to the peculiarities in structural and metabolic plasticity of presumably postural m. soleus (SOL) and mixed postural and locomotor m. vastus lateralis (VL) in man and monkey under actual and simulated microgravity. In rhesus monkeys slow-and fast-twitch ®bers in both muscles demonstrated the profound and almost similar size reduction by 25±30% after the 14-day space¯ight but chair restraint controls were found to have the signi®cant reduction in cross-sectional area only in VL slow-twitch ®bers. The oxidative capacity (expressed as SDH activities per section area unit) did not change signi®cantly in SOL, and signi®cantly decreased in both VL ®ber types (15±23%) in ight monkeys. In restraint animals, the similar changes of SDH activities more pronounced in fast-twitch ®bers (28%) were observed only in VL. These ®ndings were consistent to the changes of mitochondrial maximal respiration rate and volume density (MVD), observed in VL of space-¯own and restraint monkeys as well Human ®ber size reduction was observed to be almost similar in both ®ber types of SOL (28 and 34% in ST-and FT-®bers, respectively) and VL (14 and 16%) as well on the 60th day of bedrest (BR). No further reduction of SOL fast-twitch ®ber size was found on the 120th day of BR, while the slow-twitch ®ber size appeared to continue to decrease to 40% of baseline. No further atrophy of VL slow-twitch ®bers was found on the 120th day of BR, while fast-twitch ®bers continued to decrease form 12 to 32% compared to baseline levels. The central MVD in SOL was unaltered on the 60th day of BR and declined by 10% after 120 days of BR. At the same time the VL MVD reduced by 40% on the 60th day of BR and revealed no further signi®cant changes after 120 days of BR. It is concluded that predominantly postural SOL and mixed locomotor-postural VL demonstrate dierent patterns of microgravity-induced plasticity.
About the ultrastructure of subsynaptic folds of the motor endplates of mammalian skeletal muscle ®bres T. VOIGT and W. DAUBER Anatomisches Institut, UniversitaÈt TuÈbingen, O È sterbergstr. 3, 72074 TuÈbingen, Germany
The present three-dimensional mammalian model of the motor endplate bases mainly on the ®ndings of Couteaux (1958 Couteaux ( , 1973 . But this model could only be con®rmed with restrictions (AnderssonCedergren, 1959; Fardeau, 1973) . The results of these ultrastructural reconstructions were not be taken into account. For further examinations of the morphology of motor endplates (Dauber and Meister, 1986; Voigt and Dauber, 2000) , we made serial thin sections (120 nm) of Lanthanum impregnated mice skeletal muscle ®bres from the diaphragm. By reconstruction of these serial sections, we ®nd that the subsynaptic folds are rami®ed. These rami®cations with their branches can only be trailed in a few sections. Therefore, our results give reason to believe that the subsynaptic folds are locally rami®ed with band-like appendices.
dystrophin is found along the sarcolemma. In the endothelial cells of small blood vessels utophin localises to the luminal side while in epithelial cells of the choroid plexus and kidney tubules it is deposited at the abluminal, basolateral side. We recently found that the expression of the N-utrophin isoform is low compared to the full-length species in muscles and brain but reaches high levels during postnatal development in liver, lung and kidney. Taken together, these ®ndings suggest functional dierences between utrophin and dystrophin. Indeed, we found dierent actin binding characteristics of the recombinant fragments UT12 (aa 2-261) and DYS12 (aa , which indicates either negative cooperativity or the existence of more than one binding site. The longer UT11 (aa 2-594) which corresponds to the N-utrophin isoform exhibits similar binding properties like the shorter UT12. However, Ca-calmodulin inhibits UT12 binding to actin while it has no eect on the longer UT11.
SESSION 8: MYOPATHIES
Investigating troponin mutations causing familial hypertrophic cardiomyopathy: the importance of using human components H. ABDULRAZZAK, A. KNOTT and S.B. MARSTON Cardiac Medicine, Imperial College School of Medicine at National Heart and Lung Institute, Dovehouse street, London, SW3 6LY, UK Familial hypertrophic cardiomyopathy (HCM) is caused by mutations in atleast 8 contractile protein genes. Mutations occurring in thin ®lament proteins include tropomyosin, troponin T and troponin I. The functional eects of such mutations have generally been tested in non-human or non-cardiac systems, for instance overexpression of the protein in transgenic mice or in transfected non-human myocytes or ATPase assays using non-human or non-cardiac tropomyosin or troponin subunits. We have studied the functional eects of mutations in human cardiac tropomyosin, troponin T and troponin I using in vitro motility assay. In this assay it is possible to reconstitute thin ®laments using tropomyosin and troponin subunits from any species or tissue type. Using this assay we have observed that HCM mutations in tropomyosin have dierent eects depending on whether the troponin used is derived from rabbit skeletal muscle or human caridac muacle and hence have ensured that further investigations are carried out using all human components (Bing et al., 2000, J Mol Cell Cardiol; in press). Recent publications studying the eects of a truncated troponin T mutation in heterologous and bovine systems have found that the mutant troponin is inhibitory under all pCa (Mukherjea et al., 1999, Biochemistry 38: 13296±13301; Tobacman et al., 1999, J Biol Chem 274: 28363±28370; Szczensa et al., 2000, J Biol Chem 275: 624±630) . Using troponin reconstituted from expressed human components and human cardiac tropomyosin, we found that the truncated troponin T is active at all pCa in ATPase and in vitro motility assays. Moreover, we were able to investigate the eect of having thin ®laments containing varying ratios of wild type and mutant troponin T at low Ca 2+ . This revealed that in the presence of low amounts of the mutant (10 to 50%) there is an enhancement of inhibition, i.e. the 50% mixture tends to be more like the wild-type than the mutation. A similar eect was seen with mixtures of wild type and mutant troponin I R145G.
Our work has thus demonstrated that the use of non-human or noncaridac tropomyosin and troponin subunits can give misleading data regarding the eect of a given mutation. Moreover, mixtures of wildtype and mutant, which approach the situation occurring in the disease state, do not generally have predictable intermediate functional properties and may even exhibit functions not present in either wild type or mutant alone. This implies that the interpretation of experiments with transgenic animals must be treated with considerable caution. absence leads to dilated cardiomyopathy in mice. Freshly isolated cardiomyocytes from adult MLP-knockout mice are characterised by an irregular shape compared to wild-type cardiomyocytes. Whereas the subcellular organisation of myo®brillar proteins in the sarcomeres seems to be unaected, alterations at the intercalated disks, the specialised areas of cell-cell contact between cardiomyocytes, are observed Components from the adherens junctions like b-catenin, a-catenin, plakoglobin and cadherin are upregulated, desmosomal proteins like deskoplakin seem to be unaected whereas gap junctional proteins such as connexin-43 appear to be downregulated. In addition, the expression of N-RAP, a LIM domain containing protein, which is localised at the intercalated disks, is up-regulated in MLP-knockout mice. This altered molecular composition is also re¯ected by an altered morphology of the intercalated disks at the level of the electron microscope. Detailed analysis of intercalated disk composition in MLP-knockout and WT hearts during postnatal development reveals that the observed eect is probably not directly due to the lack MLP but is rather a result of impaired mechanic properties of the contracting cardiomyocytes. Interestingly, alterations at the intercalated disk seem to be general feature of mouse models of dilated cardiomyopathy, since similar changes in protein levels and their localisation could also be shown in tropomodulin-overexpressing transgenic mice. Thus stress, as caused by altered expression levels of cytoskeletal proteins (either the lack of MLP or an increased expression of tropomodulin) leads to impaired function of the myo®brillar apparatus that will ®nally result in dilated cardiomyopathy and is accompanied by an altered appearance of the intercalated disks. To date, more than 20 missense mutations in the 15, 117 bp coding region of the ryanodine receptor type I gene have been found to segregate with the malignant hyperthermia while a much smaller number of these mutations are associated with central core disease. The majority of the mutations appear to be clustered in the N-terminal amino acid residues 35±614 (MH/CCD region 1) and the centrally located residues 2163±2458 (MH/CCD region 2) of the channel. We have recently found two novel mutations in the highly conserved Cterminus of the protein that are associated with these EC coupling disorders. One of the mutations (I4897T) is a single mutation associated with a reverse form of central core disease. Functional analysis of the mutant channel in HEK293 cells using a heterologous expression system showed that the maximal levels of Ca 2+ release were dramatically reduced. Ryanodine binding indicated that the channel is activated by Ca 2+ concentrations four-fold lower than normal. Single cell analysis of co-transfected (wild type/mutant) cells showed a signi®cantly increased resting cytoplasmic Ca 2+ level and a signi®-cantly reduced luminal Ca 2+ level. These data are indicative of a leaky channel caused by a reduction in the Ca 2+ concentration for channel activation. A second mutation, T48261, in the ryanodine receptor C-terminus, relatively close to the I4897T mutation was found in a large malignant hyperthermia Maori pedigree. There was no evidence of central core disease in this pedigree and as such this is the ®rst mutation in the C-terminal region solely associated with MHS. Functional analysis and genotype-phenotype comparison of several dierent ryanodine receptor mutations in addition to the I4897T and T48261 mutations suggest a model for malignant hyperthermia and central core disease.
A multigene analysis of two dystrophin-de®cient muscles during development, using DNA chips K. ROUGER 1 The MDX mouse is an animal model for Duchenne muscular dystrophy (DMD) which is caused by the absence of dystrophin. The present research is based on the identi®cation of genes expressed in normal and dystrophin-de®cient hindlimb and diaphragm skeletal muscles and their classi®cation into functionally related gene subpopulations. The data analyses presented here may be useful in identifying coherent temporal expression patterns and sequences of events implied in the normal and dystrophin-de®cient muscle development. The aim of our study is to identify gene subpopulations which play a crucial role in the adaptive capacities of both normal skeletal muscles and to see if such gene subpopulations are disregulated in the dystrophin-de®cient muscles. Determination of expression waves in the dystrophin-de®cient muscles may be indicative in understanding the cascade of molecular events induced by the lack of dystrophin and implicated in the compensatory processes in MDX limb as well as diaphragm muscles. The initial step has been the creation of repertories of genes dierentially expressed between hindlimb and diaphragm muscles of normal and MDX mice (Tkatchenko et al., 2000; BBA 1500: 17±30). The present study concerned more than 1000 known and novel skeletal muscle speci®c genes which were sequenced from four dierent muscle gene repertories. Expression pro®le levels at 12 dierent developmental times were deduced from cDNA arrays spotted with 1000 genes and hybridized with hindlimb and diaphragm normal and dystrophin-de®cient mouse muscle cDNAs. We have explored the mechanical function of intermediate ®laments in cardiac muscle using desmin de®cient mice (Des)/)) in comparison with wild type animals (Des+/+). The hearts of Des)/) animals have a cardiomyopathy with hypertrophy and degeneration of the cardiac muscle. To contractility of the whole heart was exclaimed using pressure±volume measurements in the left ventricle of hearts during retrograde perfusion (Langendor preparation). The diastolic pressure of Des)/) hearts was increased at all ®lling volumes. Since the passive stress (i.e force per area) was unchanged the altered diastolic properties most likely are a consequence of the thicker left ventricle wall, rather than a change in passive elasticity of the muscle tissue. The developed pressure, the rate of pressure development and the developed wall stress (active force per area) were signi®cantly reduced in the Des)/) hearts. This suggest that the active force generation of the contractile apparatus in the Des)/) mice is reduced. Experiments on skinned ®bre preparations from the left ventricle showed that Ca 2+ sensitivity was unaltered but that active stress was decreased. In conclusion, mechanical properties of hearts from the Des)/) mice, a model for genetic cardiomyopathy, show that desmin intermediate ®laments in the cardiac muscle are important for active force generation, possibly via eects on sarcomere alignment, but are not a major determinant of passive tension.
Functional eects of phosphorylation and mutation R145G of human cardiac troponin I Y. DENG, A. SCHMIDTMANN, A. REDLICH, B. WESTERDORF, K. JAQUET and R. THIELECZEK Institute of Physiological Chemistry, Ruhr-University Bochum, 44780 Bochum, Germany
We have studied functional consequences of the hypertrophic cardiomyopathy-related mutation R145G in human cardiac troponin I (cTnI-R145G) which is located in the inhibitory region. Recombinant human cTnI-R145G was expressed in E. coli and puri®ed. The cardiac troponin complex was reconstituted with either this mutant or wild type cTnI and used for reconstitution of thin ®laments with skeletal muscle actin and tropomyosin. The Ca 2+ dependent activation of myosin-S1 ATPase by reconstituted thin ®laments and the in vitro motility of these ®laments propelled by myosin was studied as function of cTnI-phosphorylation with wild type and mutant cTnI. Bisphosphorylation of wild type cTnI signi®cantly reduces the maximum thin ®lament-controlled myosin-S1 ATPase activity. The mutation R145G in cTnI abolishes this sensitivity to phosphorylation. It also signi®cantly enhances the Ca 2+ sensitivity of the regulatory mechanism which controls myosin-S1 ATPase, whereas bis-phosphorylation of both types of cTnI has no signi®cant in¯uence. The maximum mean sliding velocity of regulated thin ®laments as well as the Ca 2+ sensitivity of this process was signi®cantly reduced by bis-phosphorylation of wild type cTnI. The mutation R145G in cTnI again abolishes this sensitivity to phosphorylation of the regulatory mechanism controlling movement. Thus, the structural change in the regulatory mechanism caused by phosporylation of residues Ser22 and Ser23 of cTnI seems to be linked with the structural alteration caused by the missense mutation R145G in cTnI. The mutation renders the molecular mechanism controlling actomyosin interaction insensitive to the eect caused by phosphorylation of the two serines.
In¯uence of calcium release from the sarcoplasmic reticulum on the optimal stimulus-pattern for muscleactivation ± relation to ®ndings in myopathies Aim of our study was to ®nd the relation between a reduction of calcium release from the sarcoplasmic reticulum (SR) by dantrolene and the optimal stimulus pattern for muscle activation. Methods: Isometric twitches of the adductor pollicis muscle (APM) following ulnar nerve stimulation were analysed in 34 patients with myopathies (myotonic dystrophy n = 22; limb-girdle dystrophy n = 12; controls n = 59). The stimulus pattern resulting in maximal force was determined. At ®rst, the interstimulus-interval of two stimuli evoking the maximal force was determined. With three stimuli, only the second interval was continuously changed until maximal force development was registered. With four stimuli, these two intervals were used and only the third interval was continuously increased. In two other patients, who needed dantrolene for spasticity of the lower limbs, isometric twitches of the unaected APM could be measured before and after treatment. Furthermore, in¯uence of dantrolene was tested in 10 isolated rat extensor digitorum longus muscles. Results: In healthy subjects, the optimal pattern is: ®rst interval: 9.9 ms (SD: 4.1); second interval: 58.5 ms (22.9); third interval: 54.4 ms (22.5). This pattern corresponds to the ®ring pattern of motoneurons in a rapidly and forcefully contracting muscle. In myopathies, these intervals were signi®cantly shortened. In a similar way, dantrolene, used in the two patients and in rat extensor muscle preparations, shortened the stimulus-intervals resulting in an optimal force output. Conclusions: Our data showed that reduction of calcium release from the SR by dantrolene shortened the optimal stimulus intervals necessary for maximal force output. We suggest that changes of calcium release may be one reason for the alterations found in myopathies. Hypertrophic cardiomyopathy (HCM) is a genetically and clinically heterogenous autosomal-dominant disease, caused by mutations in several sarcomeric protein genes. Until now only three families with double heterozygosity for two pathological mutations causing HCM are described in the literature. Here, we describe the ®rst patient with two pathological mutations in the b-MHC-and troponin I-gene associated with HCM.
A systematic mutation-screening procedure in the ®ve most often mutated HCM causing genes (b-MHC, Troponin T, Myosin-Binding Protein C, Troponin I and a-tropomyosin) was performed in a total of 110 patients with HCM (data not shown). The diagnosis was based on echocardiography (LV hypertrophy, septal thickness > 13 mm), RV and LV angiography and hemodynamics and/or preceeding myectomy. DNA from the patients was PCR ampli®ed with intronic primers and SSCP-analysis was performed at 4°C and RT. Aberrant PCR-products were directly sequenced on a DNA sequenzer (ABI377).
We identi®ed two novel pathological mutations in the b-MHC and Troponin I gene in one male patient with hypertrophic cardiomyopathy. The ®rst mutation is located in the b-MHC gene exon 23 (Phe-905-Cys) and the other in the Troponin I gene exon 7 (Ser-166-Phe). Both mutations are located in highly conserved and functional relevant regions of the proteins and are not found in 200 chromosomes of healthy controls.
The patient was born in 1949 and he had been suering from atrial ®brillation since over 8 years and had a stroke in 1990. The clinical features included near-syncopes, exertional dysponea and angina pectoris. At admission the septal wall thickness was 18 mm, that of the posterior wall 11 mm. The patient was also aected by coronary heart disease and mitral regurgitation, he dies from a second stroke in 1996. In conclusion, the double mutation led only to a relatively mild clinical picture.
Nebulin is not speci®c for vertebrate skeletal muscle U. FOCK and H. HINSSEN Biochemical Cell Biology Group, Faculty of Biology, University of Bielefeld, 33501 Bielefeld, Germany
In vertebrate skeletal muscle the giant actin binding protein nebulin functions as a ruler to determine the thin ®lament length. So far proteins of the nebulin family have not been found in invertebrate muscles. To investigate the evolution of the nebulin family, we isolated nebulins from myo®brils of cross-striated muscles of lower vertebrates and invertebrate chordates. From the puri®ed antigens we raised several polyclonal nebulin antibodies, following a strategy of stepwise descending the phylogenetic tree. Immunoblot analysis and immuno-¯uorescence microscopy revealed the presence of high molecular weight nebulins localized in the l-bands of trout-, lamprey and amphioxus lateral body muscle. Since the protochordate amphioxus has a phylogenetic key position at the vertebrate/invertebrate boundary, these results increase the possibility for the existence of nebulin in non-chordate invertebrates. On the other hand, the petite nebulette ($100 kDa) has been shown to substitute nebulin in avian and mammalian cardiac muscles. It is localized to the I-Z-I region but spans only a small part of the thin ®lament length. Here we report that the cardiac muscle of the lamprey contains a full length nebulin while in trout cardiac muscle no nebulin was detected. Instead a crossreaction of our nebulin antibodies with a $170 kDa band, possibly nebulette, was obtained. Since our results show that nebulin is present in protochordates and in the cardiac muscle of a primitive vertebrate, we assume that nebulette has evolved from a high molecular weight nebulin during evolution of the vertebrate heart. The loss of the characteristic nebulin function as a length ruler for the thin ®lament exphasizes the importance of the Z-line near region of the proteins of the nebulin family.
Abnormalities of structure and function in the neuromuscular junction of dystrophic mdx mice Several studies have been carried out on the neuromuscular junction (NMJ) of dystrophic animals. Using optical and electromicroscopical techniques have been detected abnormal complexity and extension of synaptic folds. Electrophysiological techniques have been unable to univocally detect alterations in the function of dystrophic animals NMJ. In this study, structure and function of NMJ were analysed in mdx mice compared to wild type C57BL10 mice (B10). Synaptic clefts were found to be simpli®ed in mdx respect to B10 mice: the ratio between the postsynaptic and the presynaptic membrane length was 1.91 (0.09) and 3.83 (0.30) in young (3±4 weeks old) and 1.84 (0.14) and 3.34 (0.31) in adult (10 weeks old) mdx and B10 mice respectively. The neuromuscular transmission was investigated by the loose patch clamp techniques in a low [Ca ++ ] and a high [Mg ++ ] medium or after addition of l-conotoxin. Some electrophysiological parameters such as frequency, rise time and decay, concerning the miniature end-plate current (MEPC) and the evoked end-plate current (EPC) were not dierent in mdx and B10 mice, where as MEPC intensity and quantal content were signi®cantly dierent in mdx mice compared to B10 mice, when contraction was blocked by low [Ca ++ ] and a high [Mg ++ ]. If contraction was abolished by l-conotoxin no dierence between mdx and B10 mice was detected. The data presented here do not exclude the possibility that other physiological changes are operating as a consequence of the structural abnormalities of NMJ in dystrophic animals. The abnormality of quantal contents in the low [Ca ++ ] medium might be the consequence of an altered Ca ++ homeostasis in dystrophic muscles.
Novel missense mutation in the a-tropomyosin gene in a young patient with hypertrophic cardiomyopathy and transition to a hypocontractile, dilated phenotype J. RAIBLE, J. ERDMANN, E. WELLNHOFER, E. FLECK and V. REGITZ-ZAGROSEK Internal Medicine/Cardiology, ChariteÂ, Humboldt-University and Deutsches Herzzentrum, Berlin, Augustenburger Platz 1, 13353 Berlin, Germany
The a-tropomyosin gene represents one of the most frequently mutated and analyzed genes involved in the etiology of familiar hypertropic cardiomyopathy in Japanese families. We investigated whether mutations in the a-tropomyosin gene were also found in our large cohort of consecutive unrelated European index patients.
We investigated the frequency of a-tropomyosin (aTM) mutations in 110 non-related consecutive index patients with hypertropic cardiomyopathy presenting from 1995±1999 in our Institute (diagnostic criteria: Septum > 15 mm, Septum/Posterior Wall > 1,3, or state past myectomy). We used PCR-SSCP-analysis as mutation-screening method. The whole protein-encoding region of the gene and the intron±exon boundaries were analyzed. The PCR-fragments ranged from 176±264 bp and were analyzed at 4°C and room temperature. Aberrant PCR-fragments were sequenced and mutation was con®rmed with restriction-assay. The clinical phenotype of the mutation carrier was analyzed using 24-h-electrocardiography, electrophysiology, twodimensional and Doppler echocardiography, and angiography.
We identi®ed one new missense mutation in the a-tropomyosin gene. The mutation E-180-V, which results in the substitution of a positive charged glutamine for a neutral valine at amino acid position 180, occurs in a troponin T binding region of a-tropomyosin. This region (residues 170±180) is often described as mutated in hypertrophic cardiomyopathy. The clinical examination of the female mutation carrier (MF) revealed a very early age-of-onset (14 years) with severe hypertrophy during the early stage of the disease (Septum: 24, PW 12, LVEDD 46 mm), which progressed to dilatation of the left ventricle (Sept 8, PW9, LVEDD 66 mm) at the age of 41 years.
In conclusion, aTM mutations seems to be rare in our cohort of patients from European descent. The newly identi®ed mutation in the aTM gene is characterised by hypertrophy with transition to a hypocontractile, dilated phenotype. This clinical phenotype is in accordance with previously described clinical features of Japanese patients carrying mutations in the a-tropomyosin gene.
Titin-associated zinc-®nger proteins link titin kinase to transcriptional control A. LAKOVENKO and M. GAUTEL Max-Planck-Institut fuÈr Molekulare Physiologie, Abteilung Physikalische Biochemie. Otto-Hahn-Strasse 11, 44227 Dortmund, Germany Titin, the giant elastic ruler protein of striated muscle, contains a catalytic serine-kinase domain (TK) implicated in the control of myo®bril assembly. The physiological signi®cance of the ®rst identi®ed in-vitro substrate of TK, telethonin, is still as unclear as the exact nature of the TK signalling pathway. We therefore searched for additional modulators of TK acitivity by screening for interacting proteins in the TK-¯anking regions. We identi®ed a group of dierentially spliced zinc-®nger (RING-®nger and B-box) proteins associated with TK upstream domains which we term Tizian (Titin zinc-®nger anchoring protein). Tizian is expressed in at least three isoforms of 27, 50 and 60 kDa of which the smallest, Tizian-27, is predominantly expressed in cardiac muscle whereas the Tizian-60 is the isoform dominant in skeletal muscle. Whereas the N-terminal zinc®nger domains show weak homology to those of other kinaseassociated proteins like TRAF or AKAP-95, the dierentially spliced domains and the constitutive C-terminal region are unique. Tizian is dominantly expressed only in cardiac and skeletal muscle suggesting that Tizian is involved in muscle-speci®c regulation mechanisms. A TK consensus phosphorylation site in the N-terminal region can be phosphorylated in-vitro, but the signi®cance of this is yet unclear. In cultured cardiomyocytes, titin kinase-associated proteins can be translocated to the nucleus, suggesting for the ®rst time that titin is involved in the transfer of information from the sarcomere to the nucleus and plays a novel role in the tissue-speci®c control of transcription.
